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___Kodak reports to laboratories on: 


how goodly the body of microprint literature is... bloody 


business at Fall River 


A snowball rolling 


Somewhere your librarian has 
to draw the line. Some books 
and bound volumes simply 
cost too much in money and 
space for the good a given or- 
ganization ts likely to get from 
them. These words are promo- 
tion for the microprint idea 
It pushes the line which your 
librarian has to draw about as 
far as anyone could want it 
pushed. 


A microprint card ts a piece 
of stiff paper, generally 5” 
or larger, on which can appear 
as many as 60 greatly reduced 
book pages. These cards are 
read with the aid of optical de- 
vices. Of these we are preju- 
diced in favor of the Koda- 
graph) Microprint) Reader as 
the most comfortable to use 

A goodly body of the techni- 
cal literature the sciences, 
the humanities, and even the 
law and finance is now on sale 
in this form. To ilustrate just 
how goodly ts the body, we 
have just published a booklet 
entitled “What's Available on 
Microprint Cards.” [tas an at- 
tempt at a condensed consoli- 
dated catalog of the output of 
all microprint card publishers 
known to us and willing that 
we publicize their offerings 
We alone are footing the bill 
for this project. 

Our motives, of Course, are 
selfish. Our scheme with the 
booklet is to convince a lot 


*The term “Microcard”’ applied 
only to certain makes of microprint 
cards. 


This is one of a series of reports on the many products and services 


more scholars, librarians, and 
librarians’ bosses that there is 
enough microprint. literatue 
around to justify the <a 
tion of microprint. readers. 
Then, just as surely as the tele- 
phone, radio, and. television 
industries grew, microprint 
grows. The publisher's market 
grows. The number of titles 
grows. The need for micro- 
print readers where research- 
ers foregather becomes more 
obvious. It even occurs to 
more large companies that 
since their research people al- 
ready have readers tor the 
open microprint literature, the 
companies Own internal re- 
ports might be more efliciently 
circulated in microprint form, 


Since, as all thts comes to puss, we 
shall sell more and more photowr@hu 
materials with which to make 
print cards, there ty no reason to hest 
tate about writing fora free cope of 
“Whats Avatlable Mtcroprint 
Cards” to Eastman Kodak Company 
Graphic Reproduction Divisian, Roch 
ester 4, 


Truly blood 
John PD. MacPhail likes p,p’- 
Benzylidenebis (N, N-dimethyl- 
aniline) (Eastman 3620) bet- 
ter than the classic benzidine 
for the identification of blood- 
stains because he finds it more 
specific. Doing business as 
Forensic Science Service (144 
Third Street, Fall River, 
Mass.), Mr. MacPhail knows 
how to keep legal evidence in- 
tact. He moistens a filter paper 
with O.IN saline and merely 
presses it against an edge of an 
old stain suspected as blood. 
Then he touches the paper (not 
the stain) with one glass rod 
dipped in a 1:240 solution of 
Fastman 3620 in 40°, acetic 
acid. A second time he touches 
it with another glass rod 
dipped in an 11:30 solution of 
sodium perborate in 40°), ace- 


with which the Eastman Kodak Company and its divisions 
are... serving laboratories everywhere 


tic acid. If the paper turns 
blue-green after the second 
touch, Mr. MacPhail knows 
the spot is truly blood. Such 
colored oxidants as potassium 
permanganate turn the reagent 
blue-green before contact with 
sodium perborate. Perhaps 
something the bloodstain 
releases from the sodium per- 
borate the oxygen to oxidize 
our compound to its far better 
known form, malachite green, 
a common dyestulf named for 
its color resemblance to the 
brilliant copper mineral 
chite. 

The first supply of our leuco- 
malachite green that Mr. Mac- 
Phatl laid in worked tine down 
to the last grain: presto, twenty 
years Of human violence had- 
gone by and it was time to re- 
order. (The price is $2.20 for 
Sg.) The second lot we sup- 
phed werned MacPhail 
It was green enough the 
stock solution to invite sarcas- 
tic questions from. lawyers 
Our man who signed the pa- 
pers to manufacture the first 
batch is still on the yob, how- 
ever. He suggested that Mr, 
MacPhail add a sodium 
bisulfite to redress the redox 
balance leucowards. Now Mt 
MacPhail reports he all 
set again 

Yes, and tf vou want the balance the 
other way we can supply Malachite 
Gareen Oxalate Chastman 1264) 
odd organics, the chars 
of finding what vou want iy eneourag 
ing. All from Disitlation Products bn 


Lastman Kodak Company) 


Price quoted ty subject to 
change without notice 
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BRANO OF MECLIZINE HYOROCHLORIOE 
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ELECTRON MICROSCOPY OF POLIOMYELITIS VIRUS 


The infectious Capacity of pohomvelitts virus has been shown to be associ 
ated with spherical particles approximately 300 my in diameter, ~ Ene 
present study suggests that these particles, Ike those of other aninal 
viruses recently studied’ ”" consist of an outer membranous structure sur 
rounding an internal nucleus-like body. 

The ultimate size and shape of small virus particles as they are seen in 
shadowed electron micrographs appear to be dependent upon the hydration 
of the particles at the time of the first exposure to high vacuum, By the use 


of a collodion-over-agar filtration technique it has been possible to prepare 


and mount virus suspensions direetly from: saline media and obtain 
scope specimens which are free of salt’ crystals osmotic distortion, 
Such preparations preserve the three dimensional structure of the cell-like 
particles. Through variations in the drying time, the saline media, and 
through inclusion of hygroscopic substances im the media, the degree of 
hydration prior to the initial vacuum drying can be altered. Representative 
strains of poliomyelitis virus (Mahoney, Pype Type 2; and 
Saukett, Type 3) have been studied; comparisons of shadowed and un 
shadowed electron micrographs have revealed internal detail and morphol 
ogy within poliomyelitis virus particles, 


METHOD 


Concentrated poliomyelitis virts preparations contaming: essentially one type of 
particle have been obtained consistently from infectious tissue culture fluids by means 
of a combination of aleohol precipitation, Sharples and ultra-centrifugation. Details 
of the purification methods and the characterization of the fully active concentrates 
will be the subject of a forthcoming communication. The collodion over-apyar technique 
for the preparation of electron microscope specimens is de scribed below ; at is based 
upon the work of Kellenberger® and the pseudo-rephea and agar sedimentation 
techniques developed by Sharp.’* 

Two per cent agar (Diteo-Baeto) in distilled water heated to boiling is filtered 


through Pyrex wool into four-ineh petra dishes. The agar suspension, three to four 


* Laboratory Director Virus Research 
+ Assistant Research Microbiologist 


Received for publication November 1s 
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mm. thick, is allowed to solidify in the open dishes and remain undisturbed six inches 
below an ultraviolet lamp (Westinghouse GIST8) for 12 to 18 hours (usually over- 
night) ; during this interval the agar surface hardens considerably and the whole mass 
shrinks somewhat. The dishes are then covered and stored at room temperature. They 
may be used for several days; satisfactory preparations have been made with agar 
six to seven days after the plates are poured; usually, however, such agar has become 
too dry to handle well, or mold formation has occurred. 

The agar mass is loosened around the rim and the petri dish is then inverted into a 
larger petri dish where the circular mass of agar readily drops, exposing the original 
ayvar-to-glass surface. Approximately 1.5 cm. square blocks of agar are cut and picked 
up with a Bard-Parker blade or spatula and transferred to individual microscope 
slides which are tapped gently on the work surface to seat the agar block. The slide 
with the agar block is then placed in a shallow covered dish covering a small open 
petri dish of “Drierite,” a moisture absorbent, where it is allowed to remain from 
five to ten minutes; this hardens and surface-dries the freshly exposed agar surface. 
The agar block is then flooded with a drop or two of collodion diluted one to ten 
in freshly distilled amylacetate, and immediately placed in a vertical position to drain. 
After about 30 seconds the excess of collodion collecting on the lower edge of. the 
agar block is picked off with a torn filter paper edge. After drying for five to ten 
minutes the slide with the collodion-covered blocks is placed horizontally and a small 
drop of the preparation to be examined is applied by allowing it to fall on the col- 
lodion surface from a fine-tipped pipette. If the collodion film is reasonably intact, 
the drop wall stand up well initially and gradually begin to flatten after a minute or 
two. The preparation is left undisturbed for three to four minutes and then all but a 
slight film of moisture wetting the surface is picked off with a torn edge of a piece 
of filter paper, care being taken not to touch the collodion. The collodion surface 
dries rapidly, or rather the fluid and salts diffuse into the agar below the collodion, 
leaving all particulate and nondiffusible material on the collodion surface. 

As soon as the last trace of fluid sheen disappears from the collodion surface, the 
position and area occupied by the original drop of fluid is still readily distinguishable 
by the shght elevation of the collodion; this area is watched carefully and as soon as 
it appears to flatten out and become confluent with the surrounding area, the edges of 
the agar block are quickly cut vertically on all four sides with a sharp knife, reducing 
the over-all size of the block to approximately one square centimeter. The area 
occupied by the sample drop is kept approxiately in the center of the block and the 
collodion film is quickly floated on a clean water surface. A gentle breath on the 
floated square of collodion locates the specimen area and this is picked up from below 
in the center of a loop slightly larger than a specimen sereen (11 mm. o.d. x 5 mm. 
id. brass washer soldered to wire handle). After lifting the collodion film from the 
water surface the loop is held in a vertical position and the fluid wetting the surface 
is led off carefully by capillarity into a torn edge of filter paper; the collodion. itself 
must not be touched. The film is then lowered, specimen side up, upon a specimen 


screen previously placed upon the upper end of a stainless steel (s.s.) peg. The film 


should be lowered as nearly parallel to the screen as possible. It should be emphasized 


that the contact of the square of film with water after the initial drying is only a 
matter of seconds, with the virus particles on the upper surface of the film away 
from actual contact with the water. 
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The upper end of the qj-inch s.s. pegs S$ inches long used to support the screens 
are turned down to a 'y-inch diameter for approximately Yq inches. The subsequent 
transfer of the collodion-coated specimen screens to specimen caps is accomplished by 
placing the cap over the screen and peg, inverting, and lifting the peg out. The pegs 
are mounted in rows of three to six in snugly fitting holes drilled in. short pieces of 
square bar stock. 

The preparations may be metal-shadowed or exanuned directly ; shadowing ts done 
in this laboratory with the screens on their respective pegs. In fact, for optimal results 
in retaining the three-dimensional structure of the particles no more than three speci 
mens are made at a time, and the pegs carrying the sereens in the bar-stock mounts 
are transferred as soon as possible after being picked up from the water surface to 
the vacuum chamber of the shadowing equipment. 


RESUETS 


igure shows a representative electron micrograph of puritied 
myehtis virus, Mahoney strain, prepared as deseribed. It is evident 
from the shape of the shadows that the particles are essentially spherical. 
The average particle diameter from the measurement of several hundred 
individual particles is 29.2 mp based on direet internal calibration with 
polystyrene latex. The quotient of shadow length divided by particle 
diameter for polystyrene latex particles is 4.9; the corresponding ratio for 
Virus particles on the same negative is 4.8. The virus preparation used to 


prepare the specimen sereen of Figure 1ois suspended in Ringer solution, 


but the type of salts or the concentration present in the media, up to 


physiological molarities, is not eritieal. Equally good microscope prepara 
tions of strams belonging to all three pohlomyelitis virus types are obtained 
routinely from normal physiological saline buffered at pll 7.2 with 0.05 M 
phosphate, 


In Figures 2 and 3 are shown unshadowed and shadowed Type 3 


Saukett strain virus at the same magnification. The virus apparently con 
tains material especially opaque to electrons. The edges of the unshadowed 
particle images are not clearly defined. If the shadowed and unshadowed 
nucrographs are compared, it will be noted that the unshadowed imiages 
appear to be quite dense and to be approximately one-half to two-thirds 
the over-all size of the shadowed particles. This electron opaque phenome 
non was first noted in particles lying in the shadows of polystyrene lates 
particles and in the depressions in collodion films where they were not 
reached by the shadow-casting metal. A tentative explanation of this inter 
nal particle density 1s available in prelinunary chemical analyses of purified 
Type 1 Mahoney virus; the mtrogen/phosphorus ratio of 12.5/3.0 would 
indicate that pohomyelitis virus could contain as much as 3067 nucleic acid, 
provided that all of the phosphorous is present in this form 
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The particles seen in Figure 3 are partially dehydrated before the 
shadowing process. This is accomplished by allowing prolonged contact of 
the collodion membrane with the agar after all visible evidence of surface 
moisture has disappeared. One edge of the agar block is cut’ and the slide 
with the preparation replaced in the covered dish containing “Drierite” for 
30 minutes. The agar block shrinks appreciably during this interval due to 
loss of moisture, The particle contours in the micrograph indicate a marked 
flattenmy of the particles due to the osmotic withdrawal of water, and there 
is an indication of the dense internal structure ; in fact, an apparently rigid, 
nucleus lke structure is revealed protruding above the collapsed exterior 
of the particles. Comparison of Figures 2 and 3 suggests that the dense 
electron opaque image seen in Figure 2 is probably associated with the 
centrally located elevated portion of the dehydrated particles shown in 
igure 3. 

Ho the poliomyelitis virus particle is a cell-like structure surrounded by 
a water permeable membrane, i should be possible to alter the character 
istics of the external membrane by the inclusion in the media of hygro 
scopie materials such as glycerol or triethylene glycol To test this 
hypothesis a sample of the virus solution, three to four times more con- 
centrated than that used to prepare the above specimens, was added to 
three to four volumes of 0.25 per cent glycerol. After it has been standing 
36 to 96 hours in the refrigerator, increasing numbers of the small bodies 
are observed in the mneroscope specimens. The specimen from which 
hiyure 4 was taken had been in the glycerol medium four days and it will 
be seen that the majority of the particles are altered, having become 
smaller in diameter. They range from the nearly complete 30 my particles 
(shown in Figs. 1 and 3) to particles having a size of the central bodies 
(shown in Fig. 2). These smaller structures seen in’ Figure 4 probably 
represent those discermble Figure protruding above the collapsed 
membrane lke exterior, These particles derived from the 300 my) virus 
bodies age variable in size, but average approximately 20 my. in diameter, 
the size of the Opaque central bodies of Figure Ze 

In Figure 5 as seen another preparation of purified Type 1 Mahoney 
stra virus prepared for electron microscopy by means of the same tech- 
nique as was used for the preparation of Figure 3. The magnification is 
98,000 times. The concentration of virus particles was made somewhat 
higher than in Figure 3 so that there would be a greater profusion of virus 


bodies on the final preparation. In this manner, it was planned that some 


particles would lie in the shadows cast by others. Consistently, in) such 


preparations a collapsed membrane has been observed. A’ particle image 
wholly or partially within the shadow of others is seen to have a raised 
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Pohomyelitys virus, Pype ¢ Mahoney collodion over-agar filtration mount 
Speemmen transterred to shadower wath of osmotie drying, meividual particles 
are unitorm an size (30 and nearly dn the closely packed 
array, particle chameter about less than that of single particle S000 
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Wishadowed. The transmission particle 
shadowed image. Detinite spacing. is 


anid the dense stippest 
dike steacture 5000 


Mic. 3; Poliomyelitis virus, Type 3 CSauketty, shadowed after 


dey 


agar. Partie te 


allowing prolonged contact of the collodion membrane 


tattered and the derse al structure visthle abeowe the collapsed 
membrane 


virus, Type CSauketty. This virus preparation was treated 
with O25 per cent glycerine for 96 hours. The virus has undergone changes which are 
revealed varying stages of ats disintegration. Many particles approximately 20 
diameter are vistble. 85000 
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Pohomyelitis virus, Pype 2 1), practically unshadowed \ trace oft 
chromium was evaporated on the specimen in order to render the peripheral portions 


ofthe particles sufficiently opaque to be imaged by the electron beam. S5000x 
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7) Poliomivelitis varus, Pype 2 preparation suspended in 
ammonium benzoate, very 


per cent 
hadowed with chromium after deliydration. Particle 
are flattened and the collapsed peripheral membrane steacture 4 even the 
side toward the shadowing metal source. 
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central portion surrounded by the flattened halo-lke membrane. This 
external collapsed portion is more often than not obscured by the shadow- 
ing metal since at most it is only 1 to 2 my in thickness. Also of especial 
note in this micrograph is the variability of the over-all particle size and 
shape. This could be due to the variability in the size of the dense internal 
mass of the particles as noted in Figures 3 and 4. It has been our experi- 
ence that virus particles appreciably dehydrated before shadowing reveal 
this tendency toward a marked lack of uniformity in size and shape. 

Very lightly shadowed preparations of dehydrated specimens, such as 
deseribed in Figures 3 and 5, have provided an additional means whereby 
internal detail within pohlomyelitis virus particles can be portrayed. The 
negative print seen in Figure 6 is essentially unshadowed; only a trace of 
shadowing metal was applied. The magnification is 85,000 times and puri- 
fied virus (MEF-1 strain), suspended in 1.8 per cent ammonium benzoate 
solution, was used to prepare the specimen. Evidence of compression in the 
peripheral portions of the particles is seen in the close array formations 
and the dense electron-opaque central structure is still revealed. Compari- 
son of these transmission images with those shown in Figure 2 shows that 
considerably more detail is brought out by the trace of metal coating. In 
Figure 2 only the dense electron-opaque central portion of the particle is 
imaged, and it appears in the close arrays that these images are distinctly 
separated, In contrast, in Figure 6 virtually the entire particle is imaged ; 
the dense central portion is surrounded by the less opaque peripheral 


structure and the spacing seen in Figure 2 is no longer evident. 


The same suspension of purified Type 2 MICB-1 strain virus is used to 
prepare the specimen in Figure 7. A very light chromium metal coating 
was evaporated after the dehydration ; magmification- is 180,000 times. With 
the light metal coating the collapsed peripheral membrane is visible even on 
the individual particles and on the side toward the filament location in the 
shadower. The compression of the outer portions of the particles is seen in 
the arrays. The shadows, diffuse due to the sparseness of the metal coating, 
are cast principally by the raised central portions of the virus particles. 

In Figure 8 is shown a two-dimensional crystalline array formation of 
purified Type 2 MEF-1 strain poliomyelitis virus. Such orderly geometric 
formations (120° angles) are found when relatively concentrated purified 
virus preparations are filtered through the membranes. They must be 
shadowed rather heavily in order to withstand the beam in the microscope 
and although they are often seen in multiple layers, it is exceedingly diffi- 
cult to obtain well-focused negatives due to thermal vibration im such 
specimens. 
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DISCUSSION 


The use of collodion as a filtering membrane in the manner described 
for the preparation and mounting of small pathogenic viruses for electron 
microscopic examination has distinct practical advantages. The equipment 
is simple and easily sterilized. The viruses may be handled in saline solu- 
tions avoiding the drastic osmotic effects of water and nonphysiological 
salt solutions. 

The moisture, salt, and diffusible material present in the virus droplets 
placed upon the membranes disappears rapidly, usually within four to five 
minutes, into the agar below. Evaporation per se is a negligible factor in 
the method described; comparable droplets placed upon glass slides take 
one-half hour or more to dry. The virus particles deposited can be dehy- 
di.ced considerably by allowing prolonged contact of the collodion mem- 
brane with the agar after the visible moisture of the droplets has dis- 
appeared, In earlier work, “photofio” and other wetting agents were used 
in the agar as recommended by Kellenberger, and also in the collodion 
solution, but experience ‘and practice have indicated to us that they are 
unnecessary ; in fact, the technique as described has yielded more consistent 
results since discontinuing their use. With animal viruses in the size range 
up to approximately 100 mp, the method has proven useful, but with the 
larger viruses, rickettsiae, and bacteria, conditions become increasingly 
difficult to control, and distortions and shrinkage due to drying were 
invariably encountered. 


As shown in the electron micrographs, the membranes upon which the 
specimens are mounted are essentially salt-free. Suspension of the viruses 
in volatile salt media such as ammonium acetate or benzoate has made no 
detectable improvement in the quality of the micrographs (compare Figs. 
1 and &). Furthermore, with either nonvolatile or volatile salts the degree 
of hydration of the virus particles, before subjecting them to the vacuum of 


the shadower, is controllable to a degree. The critical points appear to be: 
(1) a “dry” agar surface with the agar itself slightly hypotonic; (ii) a 
freshly prepared collodion solution; (411) reasonably rapid transfer of the 
membrane with the sample from the agar block to the specimen screen, and 
(iv) a relatively oil-free shadower capable of achieving a vacuum rapidly. 
The last is undoubtedly a major factor: the pumping system in this labora- 
tory is comprised of a 400-liter-per-second diffusion pump with water- 
cooled baftles and valving, backed with a Hypervac 23 mechanical pump ; 
stainless-steel wool filters in the rough pumping lines protect the bell jar 
from oil fog. The system is capable of reaching a vacuum of 10 2 mm. 
mercury in two to three minutes, and better than 10°° mm. mercury in 25 
to 30 minutes. 
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The use of glycerol to alter the permeability of cellular membranes in cell 
physiological studies, and as a vehicle for stains in cytology, is well known, 
While the specific action of the glycerol on the surface of the poliomyelitis 
virus particles is unknown, it is quite obvious that some definite change has 
occurred, The effect is evident when the virus particles deposited from 
glycerol media upon a collodion membrane are subjected to high vacuum, 
Figure 4. However, the chemical and physical characteristics of the parti- 
cles in solution remain to be determined. Whether or not the biological 
activities, infectiousness, and antigenicity are retained wholly, or even in 
part, by the dense internal structures here revealed is not yet known. How- 
ever, 0.25 per cent glycerol did not interfere with the capacity of crude 
tissue culture fluids to infect actively growing monkey cell cultures. 

In closely packed arrays of poliomyelitis virus it appears that the parti- 
cles in the outer areas are definitely larger than those within the packed 
array (Figures 1, 6, 7, and &). Measurement of six or more particles in 
rows toward the center of such an array results in an average particle 
diameter considerably smaller than the measurement obtained from) indi 
vidual particles, sometimes as much as 25 per cent less in larger arrays 
Since the poliomyelitis virus particle apparently contains a dense internal 
structure surrounded by a membrane, it would seem that measurements 
obtained not only from arrays but especially from) individual particles 
should be interpreted with caution and consideration of the experimental 
conditions. 


Careful examination, shadowed and unshadowed preparations, of 


formations in close array and small groups of particles, especially triplets 


and quartets, suggests that forces other than capillary attraction or surface 
tension may be involved in bringing about the final orientation as seen in 
the electron micrographs. With comparatively rigid particles, surface ten 
sion and capillarity effects would be expected to pive rise to uniform: tri 
angular formations where three particles are concerned. Likewise, when 
four or five particles are drawn together it could be expected that a com 
paratively uniform parallelogram like formation would result. Generally, 
such is not the case as can be seen in Figures 2, 5, and 6. Distortion or 
compression of the peripheral portions of one or more of the particles in 
small groups or arrays seems to be the most frequent observation, “This 
could be due, however, to variable size and density of the internal strue 
tures of the individual particles, or variations in the degree of hydration. 
Even in large crystalline arrays (Fig. &), where the over-all effect is much 
more uniform, the same type of variations are evident. In Figure & there is 
nevertheless seen a true hexagonal orientation, the adjacent angles all 
being predominantly 120°. This would suggest that poliomyelitis virus 
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particles in close array are compressed into a hexagonal shape. Such con 
tinued regularity of particle arrangement in three dimensions, which we 
have seen, would result in a true crystal with the individual particle poly- 
hedral. Electron micrographs of poliomyelitis virus," Coxsackie virus,’ and 
human papilloma’ previously published have revealed similar crystalline 
array formations. 

In earlier work with rabbit papillomatosis” and equine encephalomyelitis” 
viruses evidence of internal structure similar to that observed here in 
pohomyelitis virus (Figs. 2 and 6) was clearly indicated in transmission 
electron micrographs. More recently, Melnick et al." have presented evi- 
dence that human papilloma virus particles subjected to osmotic shock, or 
held for prolonged periods aqueous suspension, appear to possess 
nucleus-hke internal structures. The concept of virus particles having inter- 
nal bodies surrounded by membranes has been strengthened by the recent 
developments at Yale"* and Columbia” on ultra-thin sections of viruses as 
they develop within cells. The recent review, “Morphology of viruses,” 
directs attention to our general lack of knowledge regarding the structure 
of small viruses and points out that studies such as this must ultimately be 
correlated with more direct studies of virus and host relationships. 


‘SUMMARY 


A method for the preparation of electron microscope specimens is given 
in Which the collodion membranes are formed on agar blocks, used as filtra- 
tion membranes for the samples, and subsequently mounted on) specimen 
screens for examination. 


The present work has led to the hypothesis that the characteristic parti- 
cles of poliomyelitis virus, approximately 30 mp in diameter, are “cell-like” 
structures containing a central body approximately 20g in diameter and 
a surrounding membrane. 
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STUDIES ON THE PATHOGENESIS OF INFLUENZAL PNEUMONITIS. 
INTRANASAL VS. INTRAVENOUS INFECTION OF MICE{{ 


The respiratory epithelium is the only tissue of the adult mouse that is 
uniformly susceptible to influenza virus infection. The virus is most effec- 
tive when administered intranasally’* although pulmonary lesions can be 
produced less regularly by direct intrathoracic inoculation.’ Rickard and 
Francis” were the first to demonstrate virus multiplication and pulmonary 
consolidation after parenteral injection of large doses of PR& influenza 
virus, a finding confirmed by Oakley and Warrack”® for the WS. strain. 
The Henles* noted marked variations in the incidence of pneumonitis after 
massive intravenous and intraperitoneal injections of mouse-adapted influ- 
enza viruses. Although each of these investigators observed that the mor- 
tality rate in parenterally infected mice was lower than in those infected by 
the tranasal route, they did not report any basie differences in pulmonary 
pathology. 


During the course of an investigation on virus distribution in mouse 


tissues, it was found that intravenous injection of the highly pathogenic 


WS strain of influenza A virus usually produced a nonfatal pneumonitis. 
The nature of the infectious process, as reflected in the type of virus multi- 
phieation and the character of the pulmonary lesions, was deemed to be 
sufficiently different from classical intranasal infection to warrant a detailed 
desc ription, 


MATERIALS AND METHODS 


Male Swiss mice (Webster strain) weighing 10-14 pm. were used in all experiments. 
The infectivity studies were carried out with the Mouse lung-adapted WS) strain of 
influenza virus using allantoie fluid preparation of the 100th-107th consecutive 
chick embryo passages. Fluids were obtained from 12-day-old eggs that had been 
infected 44 hours previously with OQ ml. of a 10% dilution of seed inoculum. 


* Formerly Assistant Professor of Medicine, Yale University School of Medicine. 
Present Address: Department of Medicine, Johns Hopkins University School of 
Medicine, Baltimore, Maryland. 

t With the assistance of Ruth M. Snyder. 

¢ This investigation was supported by a research grant from the National Institutes 
of Health, Public Health Service. 

Received for publication October 31, 1955, 
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Mouse inoculation techniques. Intranasal injections were performed under light ether 
anesthesia by placing 0.05 ml. of the inoculum on the external nares. In experiments 
involving large numbers of mice, an attempt was made to induce the same level of 
anesthesia for each animal. Intravenous injections were made in the ventral or dorsal 
vein of the tail of unanesthetized mice, the usual volume .of the inoculum being 0.1 ml. 
Mice were discarded if there was any question of their not having received a full 
intranasal or intravenous dose. 


Method for obtaining bronchial washings. This method was used to determine the 
amount of free virus on the respiratory surface of the tracheo-bronchio-alveolar tree. 
Mice were killed with illuminating gas, the anterior skin reflected laterally and the 
lungs collapsed by severing the diaphragm just below the xiphoid process. The anterior 


thoracic cage was then removed without disturbing the visceral pleura. After exposing 
the trachea a 19-gauge needle on the end of a 1.0-ml. tuberculin syringe was inserted 
toa point just above the tracheal bifurcation and 0.5 ml. of sterile broth-saline solution 
introduced into the lungs. This volume of fluid produced equal expansion of all lobes 
without leakage from the pleural surface. The wash flind was allowed to remain in 
the lungs for approximately two minutes before aspiration; each pair of lungs was 
washed twice with the same fluid. Approximately 95 per cent of the broth saline 
solution could be recovered after this procedure; the aspirate was usually slightly 
cloudy but rarely blood-tinged even in the presence of considerable pulmonary con 
solidation, It is not certain, of course, that the returns were purely from the respira 
tory surface unmixed with interstitial fluid, but Fazekas de St. Groth and Donnelly,® 


using a similar technique, have presented evidence for the efficacy of this method 


Infectiiaty determinations. Lang tissue was emulsified without abrasive in a sufficient 
volume of broth-saline solution to make a 10 per cent suspension Cwet weight). This 
material was then further diluted in 10-fold steps and Odom aliquots of each dilution 
injected into the allantote cavities of 4-6 eggs. After 44 hours’ incubation the allantot 
fluids were harvested and tested individually for their capacity to agglutinate an equal 
volume of one per cent chicken erythrocytes. In addition to the egg imfectivity studies, 
many of the lung suspensions were tested for hemagglutinin content. This method was 
less reliable for estimating virus content due to the presence of nonspecific agylutinins 
at low dilutions which tended to obscure the classical pattern’ of specific viral hemag- 
glutination. In addition, the direct hemagglutination method is not sufficiently sensitive 
to detect small quantities of virus since approximately 10°10" infective doses are 
required to produce one hemagglutinating unit 

eye infectivity and hemapplutinin determinations of bronchial washings were made 
in the same manner, using: undiluted fluid as the 10° reference point. The results 
obtained with this material were eminently more satisfactory than those with whole 
lung suspensions. The bronchial washings contained no particulate matter, provided 
more uniform suspensions, were invariably free of nonspecifie hemagylutinins, and 
frequently gave higher egg infectivity and hemagglutinin titers than the lung 
suspensions 


Scoring pulmonary consolidation. The method used was essentially that of Ginsberg 
and Horsfall? by which the degree of lung consolidation is estimated by gross inspec 
tion on a scale of O to 5°. A percentage rating was then given to each ygroup of simi 
larly treated mice and a mean score (MS...) calculated on the basis of dilution of 
infective material required to produce a 50 per cent consolidation endpoint 
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EXPERIMENTAL. RESULTS 


Comparative effectiveness of intranasal and intravenous routes of inoculation 

The variations in response of mice to intranasal and intravenous inocula- 
tion were determined by comparing the amount of WS virus required to 
produce infection, pulmonary consolidation, and death at the 50 per cent 
level. Twelve mice were injected by each route with serial 10-fold dilutions 
of a single allantoic fluid preparation of WS virus having a hemagglutinin 
titer of 1: 4096 and an egy infective titer of 10.%**) Six mice in each group 
were killed in 4 days and their lungs tested individually for the presence of 
virus. The incidence of death and the degree of pulmonary consolidation 
were noted in the remaining animals over a 10-day period. 


Taste). Tuk Amount or WS Virus Reouikep to Propuce a 50 Per Cent 
INCIDENCE OF INFECTION, PULMONARY CONSOLIDATION, AND DEATH 
IN Mice INyecTED INTRANASALLY OR INTRAVENOUSLY 


Log EID | N. ratios 


(Anttlog) 


147,000 


M Sut : 31,700,000 
ED ut 


*In 4 days. 
¢ In 10 days. 


The striking differences in susceptibility by the two routes of inoculation 
are shown in Table 1. As noted, the virus was approximately 100,000 times 
more infective when administered intranasally. This refractoriness to intra- 
venously injected virus was even more apparent when gross pulmonary 
lesions and death were considered. In order to produce equivalent degrees 
of pulmonary consolidation, 31,000,000 more egg infective doses were 
required by the intravenous route than by intranasal injection, A 50 per 
cent Jethal endpoint was not achieved with the most concentrated intra- 
venous inoculum. Pwo of six mice died in 48 hours after receiving 107%? 
IDs) intravenously (undoubtedly due to the toxicity of the preparation’), 
but there were no deaths attributable to late pulmonary consolidation. 


The fate of the inoculum 


It seemed possible that the marked resistance of mice to virus injected 
intravenously could be due to failure of a sufficient number of infective 
particles to reach the lung. Or, alternatively, the post-inoculation virus 
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content of the lung might be high but cells capable of supporting virus 
multipheation were relatively inaccessible by this route. These questions 
were explored by comparing the amount of “free” virus recovered in. the 
bronchi and whole lungs at intervals after inoculation. In this manner some 
estimate Was possible of what proportion of the total virts population of the 


lung could traverse the “blood lung barrier” and find its Waly ty stisceptible 


As in the previous experiment, various concentrations of virus were 


injected intranasally or intravenously in groups of TS At arbitrarily 


chosen times of minutes and 3 hours after inoen ation, When the virus 


present represented original imoculum, 6 mice were sacrificed and infeetia 


ity determinations made of pooled samples of bronelial Washings and dune 


suspensions, The procedure was repeated with the remaining 6 mice in each 
group 24 hours after inoculation to compare the distribution of active! 
multiplying virus. 

The results are summarized in Table 2. The proportion of the intra 
venously injected virus recovered from: whole lung in lO minutes varied 
with the infecting dose, ranging from 2.6 per cent of the most dilute ineen 
lum to OOD per cent of the most concentrated. By the 3d hour after intra 
venous injection a considerable decline in the infective virus content of 
Whole lung was noted at each dose level, Relatively few infective particle 
were found in bronchial washings at 1O minutes and 3 hours and only in the 
most heavily exposed mice, representing but a small fraction of the total 
lung virus. In the animals that received 10°*? no virus could be 


demonstrated in bronchial washings, but its presence there was attested to 


cell 
WS Vines Convent of Lexus asp Beoncutan Wasntnes at 
INTERVALS AFTER INTRANASAL AND [EN TRAVENOL TN 
Infectivity ratios 
Doses use Whole lung/Broncha 
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by the appearance of bronchial virus in moderately high concentration at 
24 hours. Whereas the post-inoculation samples showed a preponderance of 
virus located extrabronchially, when multiplication ensued, the bronchial 
titers exceeded those of whole lung. Undoubtedly, the presence of small 
amounts Of bronchial virus could not be detected due to the virus-binding 
capacity of the cells. This is most clearly demonstrated by intranasal inocu- 
lation which resulted in rapid absorption of virus by respiratory epithelium 
leaving Jess than 1O per cent of the inoculum free in the bronchi after 10 
minutes. As opposed to intravenous injection, the whole lung/bronchial 
ratios of intranasally administered virus were about equal. 

There were no significant differences in the recovery rates of intra- 
venously injected virus when the volume of the inoculum was increased to 
as much as two ml. 

It would appear, therefore, that the relative innmocuousness of intra- 
venously injected virus is due, at least in part, to its inability to reach 


susceptible cells in adequate concentration to initiate infection, 


Virus growth curves 


The interrelationship of pathogenicity and multiplication rate of influenza 
viruses has been stressed by many investigators. Different strains vary in 
their capacity to produce transmissible pneumonitis after intranasal injec- 
tion depending upon their multipheation potentials which, in turn, are 
related to their degree of adaptation.” Rapidly proliferating strains cause 
fatal pneumonitis with inocula of low infectivity, whereas avirulent, un 
adapted strains grow poorly and do not produce pulmonary consolidation 
unless massive doses are injected.” Multipheation of adapted strains may 


also be limited with very dilute inocula, in which case the onset of pul- 


monary consolidation is correspondingly delayed.” Ino the last) analysis, 
probably the most important factor in pathogenicity is the total amount of 
virus that the respiratory epithelium is exposed to at any one time, regard- 
less of whether this be from newly formed virus or weakly infective inocu 
lated virus. This has been most clearly demonstrated by Ginsberg" who 
found that in vaceinated mice immunity could be overcome and extensive 
pneumonitis produced with massive intranasal inoculations, in spite of the 
absence of a detectable cycle of virus replication. 

An example of the influence of the infecting dose on the multipheation 
rate of intranasally injected WS virus is shown in Figure J]. When the 
inoculum contamed the maximum lung and bronchial concen 
trations of infective virus were achieved within 24 hours and all the mice 


died in 5 to 7 days with complete pulmonary consolidation. On the other 
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hand, intranasal moculation of 106") EDs. resulted in a slower increase of 
virus, generally lower titers late in the course of infection, and an over-all 
incidence of only 50 per cent lung lesions. AlsG noteworthy is the fact that 
the bronchial titers frequently exceeded the total lung titers in the same 
mice, indicating that a considerable amount of virus was “free in’ the 
bronchial seeretions and that the cells were “saturated.” 

Returning for a moment to Table 1, it can be seen that a more dilute 
intranasal moculum (109°! retained its infectivity but completely 


lost its pathogenicity. By the intravenous route, on the other hand, greater 
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Hig. 1. The relation of multiplication potential to dose of intranasally 
WS virus 


Fic. 2. WS virus growth curves after intranasal and intravenous inoculation 


administered 


than a LO00-fold increase in the TD54 level was required to produce 50 per 
cent consolidation and an 1.15. concentration was unattainable. These data 
suggested, that, regardless of the amount of virus reaching the re piratory 
epithelium after intravenous imjeetion, it was severely limited its 
proliferative potential, both as to rate and extent of multiplication 
Support for this hypothesis was obtained by examining in detail the virus 
growth curves after intravenous injection of various concentrations of WS 
virus. As seen in Table 3, there was little difference in production of infec 
tive virus over a wide intravenous dose range and, most strikingly, the 
titers rarely exceeded 106° even with the heaviest inoeulum. Also, 


there was no evidence of significant virus multiplication outside of the 
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respiratory epithelium for, as was the case with intranasal infection, the 
virus content of the bronchial washings was usually greater than that of 
whole luny in the same mice. This, ine dentally, would appear to be pre- 
sumptive evidence that bronchial epithelial cells are infected by intravenous 
as Well as intranasal injection, 

tronchial growth curves are presented in Figure 2 to show more clearly 
the comparative response of mice to a small intranasal and a large intra 
venous dose of WS virus. It is apparent that the mechanism of infection is 
quite different, not only in regard to the invasiveness of virus by the two 


routes, but also an the essential of virus growth, 


Dairy Witore WS Virtus Titers 


Log AFTER INTRAVENOL IN JROTION 


Jays after 
Da tfter myectton 


ratios 


One possibility that required consideration was that intravenous infection 
results ian entirely different mode of virus repheation involving the pro- 
duction of noninfectious particles, the so-called “incomplete virus” of von 
Magnus. Such a eyele of influenza virus multiplication has been demon 
strated in insusceptible tissues like mouse brain after direct inoculation of 
very large doses of the PR& strain.” Since mouse lung also exhibited va 
relatively poor response to massive parenteral doses of virus, further 
studies were carried out to determine whether noninfectious hemagglutinins 
appeared at any stage after intravenous infection, 

An allantore fluid) preparation of WS virus was used that contained 
approximately 10°° for each unit of hemagglutinin, a ratio which is 
in the usually accepted range for highly infective influenza virus. This 
material was injected undiluted into 24 mice by the intravenous route and 
individual assays made of the hemagglutinin and egg infective titers of both 
the bronchial washings and whole lung suspensions of 4 mice at daily inter- 


vals thereafter, Hemagglutination titrations of all specimens were carried 
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out in citrate-saline solution after treatment with receptor-destroying 
enzyme in order to mactivate virus inhibitors. 

As shown in Table 4, the expected ratios of hemagglutinating to infective 
virus were obtained throughout the 6-day expermental period. [t appears 
reasonable to assume, therefore, that only fully infective particles are being 
produced ino response to intravenous infection. Similar ratios were alse 
obtained after intranasal injection. Furthermore, these experiments provide 
additional evidence that the differences in the virus growth curves after 
Intravenous infection are not due to significant extrabronchial multipheation 


of either infective or “incomplete” virus, 


Taare 4. Hes aco DNeeetiviry Ratios AFTER TNTRAVENOUS 


INyeeTION OF UNbILUTED WS Virus 


Whole lung 0/10*" 
Jronechi OA” 


The values are the reciprocal geometric mei 


HA/EITD., titers of 4 mice. 0 <2 


Although the hemagglutinin titer may provide a more accurate means for 
following the course of well-established infections, it is quite apparent that 
this method is insufficiently sensitive to detect the presence of low grade 
infections. Nevertheless, most of the detailed studies of influenza virus 
infection of mouse lung that have been done in the recent past have used 
viral hemagglutinins as the index of infection. For example, in the exhaust- 
ive series of experiments reported by Fazekas de St. Groth and Donnelly" 
there was no hemagglutinin detectable the lung after large intrapert 
toneal or subcutaneous injections of the Melbourne A strain, leading: these 
authors to conclude that “aetive virus given by extrarespiratory routes ts 
as incapable of causing infection as inactivated vacemes given by any route.” 
Sertal intravenous passage 

In their studies on influenza virus toxicity the Hlenles® found considera- 
able variation in the frequeney with which late pulmonary consolidation 
could be produced after parenteral injection of mouse-adapted  strams. 
Sinee it) was coneeivable that these strain differences mught have been 


related to degree of adaptation, an attempt was made to augment the mitra 


venous pathogenicity of WS virus by serial passage in the hope that a more 
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virulent form would arise. Presumably, this might occur by mutation or 
election of a variant with greater invasive and proliferative potential by 
the intravenous route of inoculation. The series was initiated by injecting 
10 mice intravenously with O.L mil. of undiluted WS allantoic fluid. After 
4 days 5 of the animals were sacrificed and their bronchial washings col- 
lected, titered, and pooled. This material was then immediately injected 
intravenously ito TO new mice and the cycle repeated thereafter at 4-day 
intervals. The incidence of death and the degree of pulmonary consolidation 
over a 10-day period were recorded in the remaining 5 mice of each group. 

No deaths occurred and only minimal pulmonary consolidation was noted 
during the first 9 passages. Deaths were occasionally encountered ino sub- 
sequent passayes, but the mortality rate did not increase consistently. The 
degree of pulmonary consolidation was also more marked in the later 
passages but was always sporadic and rarely exceeded] an over-all 
score of 50 per cent, occasionally reverting to Jess than 1O per cent for no 
apparent reason, Successive transfer did not result in increasing: infectivity 
and hemagglutinin titers of the bronchial washings nor was there any defi- 
nite correlation between virus content of the lungs and extent of pneumo 
nitis. The experiment was terminated at the 28th consecutive intravenous 
passage at which time the virus was somewhat more pathogenic but 
exlibited no alteration ino aits multiplication potential ino mouse lung by 
either the intravenous or intranasal route. 


The Taylor phenomenon 


As previously mentioned, an important limiting factor in the intranasal 


pathogenicity of any virus stram is the dose of the moculum. Small doses of 


virus undergo a reproductive cycle characterized by a slower rate of 
increase and invariably lower titers than do Jethal inocula. However, at 48 
hours after infection the lungs of surviving mice may contain more than 
1,000,000 infective virus particles. The most suceinet expression of this 
paradox is contained ina paper by Taylor... the lungs of one of these 
mice contained sufficient virus to infect fatally 76,000 normal mice, yet the 
mouse whose lungs harbored this enormous amount of virus in some way 
managed to master the infection and survive. Nor did the virus further 
increase after it reached a maximum at 48 hours following inoculation.” 
Somewhat by aceident Taylor” discovered that this phenomenon is related 
to mechameal bronchogenic dissemination and the capacity of the host to 
localize the sublethal infection. Simple intranasal instillation of sterile 
water, saline solution, broth, or 10 per cent normal serum four days after 


a sublethal inoculation “produced a sharp rise in the virus content of the 
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lungs followed by death in 3 to & days.” Pathological lesions in these mice 
were identical to those seen in animals receiving a lethal mtranasal myection, 
Similar observations had also been made by Straub.” 

The Taylor phenomenon atforded an additional means of comparing 
sublethal intranasal and intravenous pulmonary infections A group of 20 
muce Was injected intranasally with LOE’. EeTDso of WS virus and an equal 
number with 107° ETD;4 intravenously. These doses of virus by them 
selves did not cause death and produced roughly equivalent bronchial titers. 
Four days after injection each of these 40 mice was given 0.05 mi of sterile 
broth-saline solution intranasally. All 20 of the nice oriyainally infected Dy 
the intranasal route died with complete pulmonary consolidation between 2 
and & days after the second inoculation, On the other hand, only 5 of the 
20 intravenously infected mice succumbed from 3 to 7 days after mtranasal 
instillation of broth-saline solution. It would appear, therefore, that mtra 
venously administered virus is less advantageous position to be 
disseminated by the bronchogemie route. 


Interfering action of intravenously administered virus 

Rickard and Francis” have presented evidence of a rapidly developing 
resistance to intranasal PRS virus infection im muce previously imoculited 
intraperitoneally wath live homologous virus, This protective effect was 
maximal when the interval to challenge was two days, during a time when 
circulating antibody could not be detected. Oakley and were 
unable to duplicate these results with either PRS or WS virus but enter 
tained the possibility that their preliminary intraperitoneal injections were 
too small to confer resistance. 


The results of the following experiment support the findings of Rickard 


and Francis.” Four groups of 20 mice were injected with normal allantoic 
Nid (NAB) or sublethal doses of WS virus, as follows: Group [NAF 
mil. intranasally ; Group ml intravenously; Group TE 

1s of WS virus intranasally; and Group PV of 


WS virus intravenously, Two days after these preliminary imyjections all SO 
animals were challenged with 50 [.D5. of WS virus by the mtranasal route 
As shown in Table 5 all but 1 of the 60 mice in Groups 1, PE, and TEL died 
with complete pulmonary consolidation, On the other hand, 60 per cent of 
the mice that had received a preliminary intravenous virus imoculation 
survived the challenge injection, in spite of the facet that extensive pulmon 
ary consolidation was noted at the end of the 10-day experimental period 

It would appear, therefore, that the interfering: action of intravenously 
injected virus represents an additional distinguishing feature from: classical 
intranasal infection, 
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Pathology 


Credit for the earhest and most concise description of the morphology 
and pathogenesis of murine influenza) virus) pneumonitis belongs to 
Straub.’ He states that following intranasal infeetion “the first localisa- 
tion of this process (gross lesion) is often found near the hilum of one or 
more lobes; later on entire lobes or almost the whole of both lungs except 
the edges may be affected.” The gross morphological changes were not 
considered to be peculiar to influenza virus infection but many of the micro- 
scopic lesions appeared to be quite specific reactions to this organism. His 
most pertinent observation was that experimental influenza infection in the 
mouse is primarily a disease of bronchial and bronchiolar epithelium, 


TABLE 5. RESISTANCE TO INTRANASAL CHALLENGE OF I.D., OF WS 
Virus Two Days AFTER PRELIMINARY INJECTION 


Interfering virus 


Group Route Dose CEID Vortality “% Lung lestons 


(NAF) 20/20 100 
I.V 0 (NAF) 19/20 
10 20/20 100 
8/20 


Sequentially, there is destruction of epithelial cells which desquamate in 2 
or 3 days followed by replacement with a fibrinoid material poor in inflam- 
matory cells. leven the terminal bronchioles, which in the mouse are lined 
with cuboidal epithelium to their junction with alveolar sacs, are involved 
in this process but the alveolar cells themselves are spared. Parenthetically, 
a true hyaline membrane has not been noted. Associated with) these 
changes are peribronchial edema, collapse of alveolar segments with com, 
pensatory emphysema in uninvolved areas, interstitial edema and hemor- 
rhage, and varying degrees of infiltration with polymorphonuelear leuko 
eytes. The final gross appearance of plum-colored consolidation is) due, 
therefore, to atelectasis, the extent of the lesions being dependent upon the 
degree of bronchiolar involvement. Death ensues only when most of the 
pulmonary parenchyma is involved, varying with the virus dose from 3 to 
as long as 10 days after intranasal injection. Somewhat more detailed 
deseriptions of certain aspects of the pathogenicity of this disease, partien 
larly the carly cytoplasnue and cihary changes epithelial cells, are 
contained in the reports of Loosh® and Harford and 
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Qt the greatest interest, perhaps, is Straub’s observation that the repara- 


live process may begin as early as the Sth day even im fatal ifections. 
Prolweration of new bronchial and bronchiolar epithelium is seen at this 
time which is low cuboidal or squamous in appearance, closely resembling 
the lesions deseribed by Wintermitz ef in pandenie human inthienza, 
Mice surviving the infection may show an extraordinary picture several 
weeks atter inoculation. The involved portions of the lung contain nests of 
squamous epithelial cells with many mitotic figures, not only im the 
bronchioles but also proliferating downward to fill the alveoli. However, 
this metaplastic squamous epithelium does not invade interalveolar spaces, 
and the alveolar septa themselves appear to be well preserved. 

In the present studies the pathological changes in the lungs following 
intranasal injection of WS virus were essentially similar to those deseribed 
above. Macroscopically, plum-colored consolidation was noted in the peri 
hilar areas in 2 to 4 days, depending on the virus concentration of the 
imoculum. Mice killed thereafter usually showed more extensive lesions 
spreading toward the periphery but even the lungs of those mice dead of 
infection usually exhibited a narrow rim of uninvolved lung tissue. The 
early nucroscoptie lesions in intranasally injected mice were those of bron- 
chitis with progressive desquamation of epithelium, accompanied by pert 
bronchial edema and more extensive pertbronchitis and intraluminal 
exudate than deseribed by Straub’ and Loosh.” This process, particularly 
with small intranasal doses of virus, began in the large bronchi (lig. 3) 
and gradually spread to involve the bronchioles. Replacement of colummar 
epithelium by squamous or low cuboidal cells was noted as early as the 4th 
dav in the Jarge bronchi (hig. 4) and te 3 days later in the bronchioles, 

In marked contrast, the gross pathological findings in intravenously 
infected mice were characterized by peripheral, frequently wedge shaped 
pulmonary lesions with sparing. These foeal areas of plum-colored 
consolidation could be found as early as 3 days after infection and were 
most extensive by the 4th or 5th day. The lesions usually remamed localized 
and ordinarily did not progress to mvolve the entire lung as was the case 
with intranasal infection, Most frequently affected were the right middle 
Jobe, the apical seginent of the left luny, and the subeardiac lobe of the 
right lung, in that order. The earhest amicroscopie lesions in intravenously 


infected mice occurred in the small and medium-sized blood vessels of the 
lungs, both arteries and veins. extensive perivascular infiltration wath poly 
morphonneclear and mononuclear leukocytes was noted 2 to 3 days after 
Injection, remaining stationary with little progression or resolution for at 
least several weeks (hag. 5). Only rarely were inflammatory cells seen 
invading: blood vells walls and there was no destruction or proliferation of 
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vascular endothelium, Thromboses were uncommon, Destruction of respira- 
tory epithelium was noted by the 3d or 4th day after intravenous infection, 
usually focal in distribution and limited to the terminal bronchioles. Unlike 
intranasal infection the larger bronchioles and bronchi were never involved 
and the degree of peribronchiolar inflammation was minimal. Consolidation, 
hemorrhage, edema, and collapse of alveoli occurred in patchy segments, 
generally at the periphery of the lung and not unusually involving the 
visceral pleura. Straw-colored pleural effusions were occasionally seen with 
intravenous but not intranasal infections. 

Squamous metaplasia of the bronchiolar epithelium appeared on the 4th or 
Sth day after intravenous infection, becoming increasingly more prominent 
thereafter, and was far out of proportion to the rather minimal degree of 
bronchiolar destruction that preceded it. The lungs of mice killed two weeks 
after intravenous infection presented a striking picture (Fig. 6). The peri- 
arteritis had not subsided and squamous epithelial cells with numerous 
mitotic figures filled nests of alveoli. By the 23d day the extent of prolifera- 
tive epithelialization took on an appearance suggestive of bronchogenic 
carcinoma of the squamous cell type, but closer examination revealed that 
the interalveolar spaces were not invaded and the basic architecture of the 
lung was preserved. There was no desmoplastic reaction in the epithelial 
cell masses and the degree of interstitial fibrosis was minimal. Very little 
resolution of these lesions was noted as long as three months after infection. 

Qn the basis of the superficial resemblance of these epithelial changes 
to neoplasia” an attempt was made to transplant lung tissue of intra- 
venously infected mice to the subcutaneous space of homologous hosts. 
Many of the homografts survived for several weeks but did not exhibit true 
epithelial proliferation and could not be retransplanted. 

The gross and microscopic pathological changes in the lungs of the 
intravenous serial passage mice were similar to those described above but 
were generally more extensive. Infected allantoic fluid diluted beyond 
or normal allantoic fluid injected intravenously produced no vascular 
or bronchiolar lesions. 

The lungs of mice that survived a challenge intranasal injection of WS 
virus given two days after an intravenous interfering dose showed the 
histological effects of intranasal infection plus the perivasculitis of intra- 


venous infection. Grossly and microscopically the consolidative process ten 


days after intranasal challenge was confined to the hilar and peribronchial 


areas, almost as if the centrifugal spread of the lesions had been arrested 
at the terminal bronchioles. 
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Tntranasal intection 
Marked inflammatory resportise 
ina mayor bronchus tour days 
alter intranasal of 
FEED. of WS 


Hematoxylin-eosin, 


400 Intranasal miteetion 
Higher power €x410) view ot 
the wall oot the  bronehus 

igure 3 showing the thickened 

cuboidal metaplastic epithelium 

Note the lack of perivasculitys 

of the adpacent arterrole 


- 


hig 3. Intravenous infection 
Marked) perivasculitis, well 
preserved columnar bronchial 
epithelium and carly squamous 
metaplasia six days after intec 
tion, The visceral pleura is also 
Infiltrated with 
cells” Hematoxylin-eosin, x 130 


6. Titravenous infection 
Masses ot squamous epithelial 
cells tilling nests of alveolt im 
the Jung oof a mouse that) sur 
vived 14 days. Note the fairly 
well-preserved bronchial epithel 
tum and: residual perivasculitis 
Hematoxylin-cosin, 
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DISCUSSION 


Regardless of whether virus is administered intranasally or intravenously, 
the pathogenesis of influenzal pneumonitis is clearly related to bronchiolitis, 
However, the rate of virus multipheation and the severity of the disease 
depend, to a large extent, on the route and virus concentration of the 
inoculum. Thus, the response to intranasal infection may take three forms 
depending on the degree of exposure, With large infective doses the bronehi 
and bronchioles are probably involved simultaneously, the virus multiplying 
at all sites of primary infection and producing maximum titers within 24 
hours. This fulminating infection 1s accompamed by generalized, uniform 
destruction of respiratory epithelium and early atelectasis, consolidation, 
and death. An alternative course may be seen with smaller doses of virus 
in Which the infection is probably confined at first to the upper respiratory 
tract and major bronchi resulting in a generally slower rate of virus pro- 
liferation, Due to involvement initially of fewer cells, maximum titers are 
not obtamed until 48 hours after injection and the occurrence of lung 
lesions and death is correspondingly delayed. Thirdly, sublethal doses 
produce relatively few new infective particles, presumably because the 
infectious process is localized to the major bronehi; the majority of bronehi- 
oles are spared, the incidence of atelectatic and pneumonitic lesions is low, 
and the host, therefore, survives. It is of interest that this capacity to resist 
a low-grade infection is largely a matter of lessened mechanical dissemina 
tion of virus, since simple intranasal instillation of bland fluids can convert 
the benign course to a fulminating pneumonitis. Notwithstanding these 
differences in dose response, influenzal pneumonitis produced by intranasal 
injection is essentially a descending bronchogertic imfection, 

In contrast, infection by the intravenous route appears to be primarily 
a focal disease of terminal bronchioles. By and large the virus has no way 
of ascending the bronchial tree and in only a dimited number of annals can 
disseminated infection be produced by intranasal instillation of sterile broth. 
Since the infectious process is generally confined to the bronchiolar epi 
thelium, the resulting virus titers are lower than after intranasal infections, 
rarely attaining the eritical levels of a lethal infection. Although severely 


limited, the multipheation potential of the virus and the degree of pulmonary 


consolidation depend to some extent on the number of infective particle 


that reach susceptible cells by the intravenous route which, in turn, is a 
function of dose of inoculum. Unlike intranasal infection, the range be 
tween infective and pathogenetic doses of intravenously injected virus is 


extremely wide. 
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One possible explanation of the limited susceptibility of lung tissue to 
intravenous infection would be that virus replication takes place on the 
extrarespiratory surface of the capillary-alveolar membrane, An analogy to 
such a situation can be found in the differential susceptibility of the two 
sides of the chorio-allantoic membrane of the chick embryo. Fulton and 
Isaacs’ clearly demonstrated that the chorionic surface is capable of sup- 
porting only a single cycle of influenza virus multiplication and the amount 


of antigen produced in these cells is dependent on the infecting dose, 


Sigmiticantly, they also found that virus did not penetrate to the susceptible 
allantoic cells. Of interest also are the findings of Burnet and Fraser’ that 
certain strains of virus inoculated intravenously or onto the choriome sur- 
face of the chick embryo chorio-allantois are disseminated to the brain, 
resulting ina hemorrhagic encephalitis. Previous inoculation of homologous 
virus by the allantoic route interfered with the development of cerebral 
hemorrhages, and the embryos survived. These authors suggested that virus 
multiplication and interference take place in the capillary endothelial cells 
of the brain. However, the evidence in the present studies appears to be 
fairly conclusive that multiplication of intravenously administered virus is 
confined to the bronchiolar epithelial cells of the mouse. except for. the 
immediate post-inoculation period the virus content of bronchial washings 
always equalled or exceeded that of whole lung, indicating that little if any 
infective virus remained in the interstitium or capillaries. In addition, the 
pathologic Jesions were those of bronchiolitis rather than interstitial 
pneumonia, and perivasculitis without endothehal involvement. 

Assuming, therefore, that only the respiratory epithelium of the time can 
serve as substrate for influenza virus multiplication, there appear to be 
three possible routes by which the virus ean cross the “barrier” from: blood 
stream to terminal brouehiolar cells. The first is that rupture of submimeosal 
capillaries may spill virus into the bronchial tree. This explanation seems 
least Hkely because large volumes of inocula, up to two ml. intravenously, 
did not enhance pulmonary infectivity, and no extravasation of blood was 
seen in sections taken immediately after injection, Of greater kelihood is 
that small blood vessels are permeable to small quantities of virus adherent 
to their walls. This mode of penetration would be more consistent with the 
invariable pathological finding of perivasculitis. Having found its way inte 


the interstitial tissues the virus may then invade bronchiolar epithelium: by 


the “back door,” that is, the extrarespiratory surface of the cells. An equally 


tenable explanation, however, would be that virus diffuses across the 
capilary-alveolar membrane with reflux upward to infect adjacent epithelial 


cells at their respiratory surface. This last hypothesis would perhaps best 
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explain the primary infection of terminal bronchioles and the sparing of 


larger branches. 


SU MMAR 

The pathogenesis of murine influenzal pneumonitis was studied by 
comparing the host response to intranasal and intravenous infections with 
the mouse-adapted WS) strain of influenza A virus. Striking differences 
were found in infectivity, pulmonary consolidation, and death by the two 
routes of inoculation, as well as post-noculation distribution of virus in 
lungs and bronchi, virus multiplication potentials, capacity of the host to 
localize low-grade infections, and interference phenomenon, The primary 
pathological findings in either type of infection were early destruction of 
respiratory epithelium and subsequent metaplastic regeneration.” Llowever, 
the distribution of the Jung lesions was quite different. After intranasal 
infection the major air passages were involved initially, progressing. to 
extensive bronchitis, atalectasis, diffuse pulmonary consolidation, and 
death; whereas, intravenous infection was essentially a benign, focal disease 
of terminal bronchioles. It is concluded that the severity of the pneumonitic 
process is a function of the extent to which the total mass of respiratory 
epithelium is involved, which ts, in turn, related to mechanical bronchogenic 


dissemination of virus. 


RIE ERENCES 


1. Andrewes, C. He, Laidlaw, Po Po, and Smith, Wo: The susceptibility of mice to the 
viruses of human and swine influenza. Lancet, 1934, 2, 859-862 
Burnet, Mo and Fraser, Ko Bo: Studies on recombination wath influenza viruses 
in the chick embryo. To Invasion of the chick embryo by influenza viruses 
Aust. J. exp. Biol med. Sei., 1952, 30, 447-458 
Fazekas de St. Groth, So and Donnelly, Mo: Studies in experimental 
of influenza. TE Production of viral antigens. Aust. Jo exp. Biol med. Sei, 
1950, 28, 31-44 
Francis. Transmission of influenza by a filterable. viru ence, 1934, 
457- 
Fulton, and Tsaaes, Ao: Influenza virus multipheation in 
allantor membrane Jo pen. Microbiol, 1953, 9. 119-131 


Ginsberg, H. So: Production of pulmonary ons by 


mumzed mace. J. Immunol, 1954, 7 
Ginsberg, Hl. S. and Heorsfall 

tion of influenza A 

viral 

135-145 
Harford, ( and Hamlin, A of 

im the bronchi of mice. Jo exp 
Henle, Wo and Henle, Go: Studie 

frect of intra-abdominal and 


Med, 1946, 84, 639-660 


~ 
° 
| 
24-29 
Quantitative aspeets of the multiphea 
° lung. Relation between the deeree of 
f pneumoma. J. exp. Med “95. 
& influenza virus on cilia and epithelial 
ed, 1952, 95, 173-199 
toxicity of influenza virtise If. The 
onjection of influenza viru Jo exp 
613 


YALE JOURNAL OF BIOLOGY AND MEDICINE Vol. 28, June 1956 


Loosh, ©. Go: The pathogenesis and pathology of experimental air-borne influenza 
A virus infections in mice. J. infect. Dis., 1949, 84, 153-168 

von Maynus, Po: “Incomplete” forms of influenza virus. In: The dynamics of 
zirus and rickettsial infections. New York, The Blakiston Company, Inc., 
1954. 

Oakley, C. LL. and Warrack, G. H.: Immunity and antibody to influenza in mice. 
J. Path, Bact.) 1940; 37-51. 

Rickard, E.R. and Francis, T., Jr.: The demonstration of lesions and virus in 
the Jungs of mice receiving Jarge intraperitoneal inoculations of epidemic 
influenza virus. J. exp. Med., 1938, 67, 953-972. 

Salk, Jo Eo: Ao simplified procedure for titrating hemagglutinating capacity of 
influenza-virus and the corresponding antibody. J. Immunol, 1044, 49, 87-98 

Schlesinger, Ro W.: Incomplete growth cycle of influenza virus in mouse. brain. 
Proc. Soc. exp. Biol., N. Y., 1950, 74, 541-548. 

Steiner, Po be. and Looshi, C. G.: The effect of influenza virus (type A) on the 
incidence of lung tumors in mice. Cancer Res., 1950, 10, 385-392. 

Straub, Mo: The microscopical changes in the lungs of mice infected with influ- 
enza virus. J. Path. Bact., 1937, 45, 75-78. ; 

Straub, Mo: The histology of catarrhal influenzal bronchitis and collapse of the 
lung in mice infected with influenza virus. J. Path. Bact., 1940, 50, 31-36. 
Suge, J. Yo: An influenza virus pneumonia of mice that is nontransferable by 

serial passage. J. Bact., 1949, 57, 399-403. 

Taylor, Ro M.: Experimental infection with influenza virus in) mice. The 
increase in intrapulmonary virus after inoculation and the influence of various 
factors thereon. J. exp. Med., 1941, 73, 43-55. 

Wang, C-I.: The relation of infectious and hemagglutinating titers to the adapta- 
tion of influenza virus to mice. J. exp. Med., 1948, 88, 515-519. 

Winternitz, M. C., Wason, M., and McNamara, F. P.: The pathology of 


influensa. New Haven, Connecticut, Yale University Press, 1920. 


~ 
10). 
12. 
13 
15 
16. 
18. 
19 
4 
2 
4 
21 
oe. 
. 
614 
| 
“ 


* Division of Pathology and Microbiology, 
WILLIAM WILLIAMS University of Lennessee, Memphis, and 


RICHARD D. STONER? Divasion of Microbiology, Department of 
Medicine, Brookhaven National Laboratory, 
Upton, Long Island, New York 


A CORRELATION OF EARLY RADIATION CHANGES IN LYMPHATIC TISSUES 
WITH ANTITOXIN-PRODUCING ABILITY 


Investigations concerning the sites of antibody formation have been under- 
way fora number of years. Due to the difficulty that has been encountered, 
many approaches have been used. These have included surgical removal of 
portions of the organism, tissue culture, lymphatic canulation, attempts to 
overload the phagocytic system, studies of antibody content of local sites of 
Immunization, partial shielding from) radiation effeets, and correlation of 
histology with antibody rise. 

Recently Hale and Stoner” by intraocular transplantation techniques 


have demonstrated the production of antibodies by transplants of spleen, 


lymph node, thymus, and Peyer's patch in the anterior chamber of mice 
eyes. Oakley and co-workers” * have demonstrated antibody production by 
local sites of injection of alum-precipitated diphtheria and tetanus toxoid 
by transplanting what is apparently from their gross deseription a granu- 
Joma. This is consistent with the findings of Hartley” and his illustration of 
a local macrophage reaction at injection sites. 

This evidence has resulted in three concepts of the cells of origin of 
antibodies. It is interesting that these concepts are not necessarily exclusive 
of one another, One group supported primarily by Dougherty, Chase, and 
White "* and earher by Harris and Harris” and co-workers’ sugyest 
that the Ivmphoeytes form oor transport antibodies* and may even be 
responsible for maintenance of normal serum) globulin. Habel,” however, 
in still felt that the immunological evidence for the lymphoeyte 
production of antibodies should be considered incomplete 

More convincing evidence aceumulated by Fagraeus,” Keuning and van 
der Shkke,” Darey, and and co-workers, and others’ suggests the 
plasma cell as either the site of origin or means of transportation of anti 
bodies. Fagraeus, however, has pomted out the importance of a more 
undifferentiated cell, the “transitional” cell, by morphological studies. 

* Assistant Professor of Pathology, Department of Pathology and Microbiology 

# Scientist, Brookhaven National Laboratories, Department of Medicine 

t Professor of Bacteriology, Department of Pathology and Microbiology. 

Recewed for publication November 17, 1955. 
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Antibody production by means of the reticulo-endothelial system has 
long been suggested, though, as stated by Roberts in 1953," the conclusive 
experiment has not been done. Localization of particulate and dye com- 


bined antigens in cells of the reticulo-endothelial system has been well 
established by Sabin,® Gabriel,” and others. Utilizing fluorescent conju- 
gated antibodies, Coons and co-workers” have illustrated the localization 
of antigens in macrophages of the spleen, lymph nodes, in Kupfer cells, 
lung septal cells, and in endothelium, It would seem from their work that 
the only cell type which invariably fixes antigen is the reticulo-endothelial 
phagocyte, even at low dosage and for a long period (75 days). Antigen 
was detectable in lymphocytes for only one week. The work of Hartley” 
and Oakley® re-emphasizes that phagocytic cells are capable of antibody 
production. 

In this report* we have" correlated the morphological changes in 
lymphatic tissues with the ability of the animal to produce tetanus antitoxin 
following irradiation and” correlated the change in orphology of the thymus 
of old mice with the increase in ability of thymic transplants from old mice 
to produce antitoxin, The present work points out the ability of the tells of 
the reticuloendothelial and/or phagocytic system to produce antibodies. 


METHODS AND MATERIALS 


Highly inbred Swiss albino, infection-free mice maintained in) our own colony 
(W.M.H.) were used in each of these experiments. Animals utilized for determining 
the antitoxin-producing ability were given 0.05 ml. alum-precipitated tetanus toxoid 
subcutaneously as their primary stimulus 21 days prior to the secondary stimulus of 
0.05 ml. fluid tetanus toxoid. The mice were one to two and a half months old with an 
equal distribution of age ranges in each group. Blood was collected ten days following 
the secondary stimulus and the pooled serum. titrated, the manner previously 
described.” 

Animals utilized for the histological study of the radiation changes were from the 
same colpny and all approximately two months old. The animals were autopsied at 
time intervals following irradiation. Tissues were fixed in Zenker’s acetate, sectioned 
by the paraffin method and stained with H & EF and Giemsa. 

Whole-body radiation was delivered by a cobalt-60 gamma source. The dosage, 
650 rep, is less than the LD. 30 days which is 750 rep for our animals 


The first experiment was designed to test the effect of gamma irradiation 
upon the antitoxin response to the secondary stimulus. The mice were 


divided into eight groups of thirty mice each. One group was irradiated at 


* Presented in part at the American Soctety for Experimental Pathology section of 
the Federation of American Societies for Experimental Biology, April, 1955. 
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each of the following periods: two days, one day, twelve hours, six hours, 
and one hour prior to the secondary stimulus and six hours, one day, and 
three days after the secondary stimulus. The animals were bled ten days 


following the intra-peritoneal secondary stimulus, and titrations were per 


formed as previously deseribed.” The results are shown in Chart 1. For the 
histological studies two animals were autopsied at twelve periods following 
irradiation as follows: thirty 

RELATIONSHIP OF TIME OF RADIATION 

: AND TIME OF SECONDARY STIMULUS 

hours. Tissues were fixed in UPON ANTIBODY PRODUCTION 

Zenker’s acetate, paraffin sec- 


intervals thereafter for ten 


tioned, and stained with & 
Ie and Giemsa. 


The amount of antibody 


UNITS 
° 


produced, as shown in Chart 1, 
indicates that there rela- 
tively little difference between 


ANTITOXIN 


irradiation given two days be 
fore the secondary stimulus 
and irradiation given six hours 
before the secondary stimulus. 


Irradiation given six hours 
prior to the secondary stimulus TIME OF RADIATION IN DAYS 


results in the minimal response Cuaer 1. The primary stimulus was given by 


of the animals. Irradiation at uJecting 0.05 ml. of alum-precipitated tetanus 
toxoid subcutaneously. 

The secondary stimulus was due to the imjes 
ondary stimulus results ino tien of 0.05 ml. fluid toxoid intra-abdomunally. 
The interval between the two stimuli: was 
four-fold increase over the days 


one hour prior the sec 


amount of antibodies pro- 

duced by the group irradiated six hours before. This would indicate 
that the one- to six-hour period is a eritical time: during which metabolny 
changes are taking place in the cells which produce antibodies. Tha 

however, is dependent upon the assumption that the reaction stininlated 
by the antigen takes place immediately, or completely within the s! 
six hours. Since it is behleved that antibodies are not produced in response 
to a secondary stimulus within the first six hours, we may assume that 
morphological changes occurring during this six-hour period are of neglys 
ble effect upon antibody production. Tt appears then that it is the early 
changes occurring during this period and becoming more marked within the 
next several hours that are of fundamental importance in determining those 


cells which produce antibodies. is important also to pomt out that 
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metabolic changes within the cell undoubtedly precede morphological 
changes. 

The morphological studies of lymphatic tissues, proven to produce anti- 
bodies, during this early post-irradiation period, should, therefore, indicate 
important changes taking place within cells that produce antibodies. Figure 
1 illustrates early changes taking place within the axillary lymph node of 
a mouse one hour after 650 rep. Focally there is necrosis of lymphocytes 
and plasma cells as demonstrated by chromatin clumping and karyorrhexis. 
Figure 2 illustrates the progression of this necrosis at seven hours after 
irradiation. There are few recognizable mature lymphocytes remaining. The 

morphologically earher 


ANTIBODY FORMATION BY INTRAOCULAR THYMIC TRANSPLANTS - changes of nuclear swell- 


COMPARISON OF YOUNG ANO OLD DONORS. ing and karvolysis are 


(i YOUNG THYMUS GIVEN 
STIMUWUS IV 


nt YOUNG THYMUS PRIMARY 
STIMUWWS ONLY 


OLD THYMUS GIVEN 
2ND STIMULUS IV. 


‘| OLD THYMUS - PRIMARY 


occurring within more 
undifferentiated cells, 
the phagocytic or retic- 
uloendothelial cells. 
Figure 3, showing the 


STIMULUS ONLY 


RADIATED CONTROLS 
GIVEN 2ND STIMULUS IV 


Cuart 2. 


spleen at) three hours 


after irradiation, illus- 


trates again the marked 


early changes occurring 
in the lymphocytes and 
plasma cells and the 
earlier degenerative changes occurring in cells of the phagocytic system. 
This is more dramatically illustrated in Figure 4 where even the nuclear 
debris of the lymphocytes at mine hours after irradiation has practically 
been removed, 

The changes in the thymus, though occurring an hour or so later than 
the changes of the spleen and lymph nodes, still show the early necrosis of 
the mature lymphocytes or thymocytes and the minimal changes within the 
cells of the reticuloendothelial system. These are illustrated in Figure 5 at 
two hours and Figure 6 at eleven houry. 

This series of photographs demonstrates the typical changes which take 
place as a result of 650 rep gamma irradiation in our animals. Usually 
there is early and complete necrosis of lymphocytes and plasma cells. The 
cells which are affected during the time period in which antibodies are 
produced are those more undifferentiated cells of the phagocytic or 
reticuloendothelial system. 

In the second series of experiments it was noted that transplants in the 
anterior chamber of irradiated recipients varied in their ability to produce 
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Axillary lymph node €x200, piemsa stain) one hour following 650 
rep gamma irradiation One focus of necrosis of Iymiphoeytes with nuclear swelling ot 


reticuloendothelimal cells 

Fie. 2 Chelows. Axailary node 200, stainy seven hours following 
Irradiation. Necrosis of mature lymphocytes with phagoevtosis of nuclear debris and 
early nuclear swelling of reticuloendothehal cell. 


(above). Spleen (x200, giemsa stain) three hours following irradiation 
Note again karyorrhexts of lymphocytes and nuclear ballooning of stromal cells. 

4 (below). Spleen (x200, giemsa stain) nine hours following irradiation. Note 
absence of mature lymphocytes, phagocytosis of nuclear debris with partial removal, 
and extensive nuclear swelling of reticuloendothelial cells 
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3 Phymus €x100, giemsa stain) two hours following irradiation. Note 
again necrosis of thymocytes and earlier nuclear swelling of stromal cells 

6 Chelow Thymus giemsa stainy eleven hours following irradiation 
More extensive necrosis of cortical thymocytes 
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hia 7 (above). Normal thymus (x20, giemsa stain) of two-month-old mouse Note 
regular scattering of thymocytes throughout cortex 

& (below). Normal thymus (<100, H&E stain) of TS-month-old mouse. Note 
prominence of stromal cells with only foci of thymocytes remaming and fat infiltration 
of cortex 
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antitoxin depending upon the age of the donor mouse. Chart 2 illustrates 
the typieal results of one experiment in which more antitoxin is produced 
by the older mice, regardless of whether the ammals received a primary or 
secondary challenge. Transplants from older donors always produce as 
much, and usually more, antitoxin as do transplants from: younger donors. 

Figure 7 illustrates the normal cortical/medullary ratio ina young mouse 
(two months) in which the cortex is filled with mature Ivinphoeytes or 
thymocytes. Figure S illustrates the aging changes of the thymus in a 
fifteensmonth old mouse, Here the are absent from the cortical 
region leaving only the more undifferentiated cells to be transplanted. This 
again ilustrates that an absence of mature lymphocytes, or thymocytes, 
does not interfere with the ability to produce antitoxin. 


DISCUSSION 


The metabohe changes which influence the production of antibodies occur 


following the first six hours after irradiation, The mature lymphoeytes and 
plasma cells that have been said to be the sites of antibody production have 
usually undergone complete neerosis within this six-hour period. The early 
changes reflecting the interference with antitosin production are occurring 
in the cells of the phayoeytie or reticuloendothelal system. This is alse 
reflected in studies of age involution in the thymus where it is seen that 
the absence of mature cells does not interfere with antitoxin production, 
With these techniques we have not, however, been able to assess the role of 
lymphocytes and plasma cells in antibody production, 

Terminology of these undifferentiated cells is confused, The stromal cells 
are classified under the reticuloendothehal system as defined by 
and later diseussed by Marshall,” though their abihty to accept the silver 
stain is altered somewhat by irradiation, The ability of these cells to phage 
ceytize is established by the presence of nuclear debris within the cytoplasm 
of many of these cells. evans and Scott’ in their well-illustrated deseription 
of the two cell types within connective tissue ilustrated that even the fibro 
blast wall take up or phagocytize vital dyes under conditions of excess load 

Our concept of these cells which have the ability to produce antibody ts 
that while they are members of the reticuloendothehal system, most of them 
have the ability to phagoeyvtize under the proper stimulus. We believe that 
these represent a multipotential cell which may differentiate into a “transi 
tional” cell and thence into a lymphocyte, plasma cell, or a phagocytic cell 
under the proper stimulus. 
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CONCLUSION 


These experiments correlate (1) the morphological changes in lymphatic 


tissues following gamma irradiation with the alteration in ability of the 
animal to produce antitoxin and (1) the morphology of aging of the thymus 
with its increasing ability to produce antitoxin in transplants. We believe 
we have demonstrated the ability of undifferentiated cells of the reticulo 
endothelial system) produce antibodies the absence of mature 
lymphocytes or plasma cells. 
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THE HEMAGGLUTINATION TEST IN RHEUMATOID ARTHRITIS 
I. USE OF RED CELL PATTERN AS ENDPOINT 
IN THE METHODS 


This 1s a deseription in some detail of the sensitized sheep cell hemagglu- 


tination test for rheumatoid arthritis as it is currently carried out im this 
Clinic, Sustained interest in the pathogenesis, natural history, and treat- 
ment of rheumatoid arthritis leads us to direct a significant portion of the 
Investigative studies toward improvements in the serological method with 
fairly exact definition of its diagnostic and prognostic value. 

A lengthy test and the vagaries of rheumatoid arthritis suggest that the 
deseription of the method and its evaluation be treated separately. The 
poorly defined clinical landmarks of rheumatoid arthritis do indicate the 
need for such a diagnostic test. It is when the limits of clinical discernment 
and serological accuracy are mutually established that both can be used to 
full advantage. This report is rather strictly confined to the actual pro- 
cedure, Data at hand will supply the material for its clinical counterpart 
Meanwhile, Table 1 and a recent) publication’ tell) something of the 
performance of the hemagglutination test in rheumatoid arthritis. 


MATERIALS AND METHOD 


MATERIALS. 1. Sheep red cells. The sheep erythrocytes are obtained commercially as 
blood from a single sheep in an equal amount of citrate. The supply, which is received 
weekly, is refrigerated at 4° C. for a maximum of one month. The donor differs from 
week to week. Red cells are washed in saline at least three times. Packed volume 
under the clear supernatant is measured after centrifugation at 2,000 rpm. for 20 
minutes, The preparation and resuspension of cells are arranged to coincide with the 
time of use. Twenty-five per cent red cells are obtained by direct dilution. The 1.0 
per cent suspension is prepared by redilution of 10 per cent red cells. 
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2. Diluent. Isotonie (0.89 per cent) saline is the diluent in all instances. Phosphate 


buffered solutions of a limited acid to alkaline ratige (pH 6.5, 7.0, and 7.8) are 
without value. 


3. Rabbit: anti-sheep cell serum. This) glycerinated hemolysin (equal parts of 
glycerin and hemolysin) is also obtained from a commercial source. A 1: 100 dilution 
is prepared as needed. Both the original supply and the stock dilution are stored at 

10° C. The diluted hemolysin is discarded at the end of one week. 


4. Glassware. Standard tubes (10 x 75 mm.) are used for the human serum 
throughout the method. Corks are included for storage. 


METHOD. |) sorption of heterophile (naturally occurring) agglutinins. 
To O44 ml. of human serum (inactivated at 56° C. for 30 minutes) 1s added 
ml. of a 25 per cent sheep cell suspension, The tube (10 x 75 mm. 
dimensions) is shaken and allowed to stand at room temperature for 15 
minutes. [tas shaken again and centrifuged at 2,000 roam. for 10 minutes. 
Another O.8 mil. of cell suspension is added to the supernatant and the 
tube shaken. The absorption process is thus repeated for an additional 15 
munutes at room temperature followed by refrigeration at 4° C. overmpht 
or for a minimum of one hour if the serum is to be used the same day. The 
suspension is shaken and centrifuged. The absorbed serum, now in a 1:4 
dilution, 1s removed and used in the test or kept frozen at 10°? C. The 


amount of easily removed serum is adequate for a repeat test, if needed. 


A newer and less involved technique is the addition of 1.6 ml. of a 25 per 


cent sheep cell suspension to the O.4 mil. of inactivated serum. The tube ts 
shaken for a full minute and refrigerated. Absorption is started during the 
morning or early afternoon so that time allows a second and similar apita 
tion, Centrifugation directly follows the overnight refrigeration, 

Joth methods are current. The latter is now routine, and the former is 
available when more than usual promptness is demanded. Information on 
the adequacy of both is included in the general discussion of the hemayylu 
tination test which follows. 


2. Titration of hemolysin, The dilution of hemolysin for the clineal test 


is established for each shipment of sheep cells. The desired amount is that 
which will agglutinate the cells at the established titer of the positive serum 
and clearly fail to cause agglutination in the normal serum. It is constant 
for each lot of cells but ditfers with the donor and even with the blood of 
the same sheep at another time. “Pwo human serums are used. The one of 
known high titer is obtained from a patient with active rheumatoid arthri 
tis, and the other is from an apparently healthy individual. The imactivated 


and absorbed control serums are from almost constant sources and are 
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stored at —-10° C. For convenience, a sample of the high titer serum for 
current use is diluted to one-fourth of its titer and kept frozen. 

Two sets of tubes are arranged in racks to contain five rows of four each, 
One set is used for each control serum, Three-tenths ml. of saline is added 
to the tubes. Serum in like quantity is placed in the first tube of each set. 
It is mixed and 0.3 ml. is carried by a pipette from tube to tube. The two- 
fold serial dilutions of the normal serum are from 1:8 through 1:64 and 
those of the rheumatoid serum from 1:64 through 1:512. There are no 
control tubes since completeness of absorption was confirmed at an earlier 
time. 

Hive dilutions of the stock (1: 100) hemolysin are usual. Concentrations 
are in the even numbers of 1: 4,000 through 1: 12,000, An additional tube 
(1: 14,000) is oceasionally indicated by recorded titrations with cells from 
a certain sheep. Experience allows ready interpolation to the nearest one 
thousand and a finer expression of hemolysin dilution 1s not considered 
practical. 

Two milliliter amounts of 1.0 per cent red cells in saline are sensitized 
by addition to an equal aliquot of each dilution of hemolysin. The mixture 
is incubated in a water bath at 37.5° C. for 15 minutes and 0.3 ml. of even 
suspension is pipetted into each of the eight tubes. Thorough agitation of 
the racks is directly followed by overnight: refrigeration. Incubation at 
37.5° C. for one hour is no longer employed since the slight increase in 
titer is obtained at the expense of sharpness of pattern. 

The, desired pattern in both serums should be obtained without difficulty 
as the amount of hemolysin should not be so critical that some leeway does 
not exist. Sheep cells which are unsatisfactory are reserved for the absorp- 
tion of serums, and re-titration includes the cells of another sheep. The 
results are regularly reproduced in the actual test where the two standard 
serums are again used, 


3. Clinical test. A row of nine tubes is used for each sample of inacti- 
vated and absorbed serum. Saline in 0.3 ml. amounts is added to the last 
eight tubes. Three-tenths milliliters of patient’s serum is placed in both the 


first and second tubes. It is mixed in the second tube and carried to pro- 
duce twofold dilutions from 1:8 through 1: 1,024. The first tube of a row 
contains serum ina 1:4 dilution for the detection of incomplete removal of 
heterophile antibodies. Dilutions of the two standard serums are limited 
to four. 


Sheep cells are sensitized by adding an equal volume of 1.0 per cent red 
cells to hemolysin of a concentration set by the titration. This mixture of 
0.5 per cent cells in diluted hemolysin is placed in a water bath at 37.5° C, 
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Appearance of sheep red cells in the hemagglutination test) for rheunutord 
arthritis. The normal pattern ot settled cells nonrheumatoid and usual back 
vround ai rheumatom serums are shown. Clamping at periphery of pattertis 
recorded at plus through 4 plus Titer ot serum as the highest dilution whieh 
agglutination oceurs and magnification) 
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for 15 minutes, and then 0.3 ml. of the uniform suspension is added to the 
last exght tubes of each row. The first tubes (control) receive a like amount 
of unsensitized cells in a dilution of O.5 per cent. The racks of tubes are 
well shaken and refrigerated overmght. The appearance of the settled red 
cells determines the titer and result. Checks on adequacy of absorption and 
correctness in the amount of hemolysin are supphed by the control tubes 
and dual standards. These with the serums under study complete a routine 
test. 


4.) Results. Vhe appearance of the settled red cells determines the test 
result (Fag. 1). Titer is expressed in units as the reeiprocdl of serum: dilu- 
tion. A range of less than eight units through 1,024 units is usually more 
than adequate for testing. The positive and negative standard serums must 
give the expected reactions and adequate removal of heterophile agglutinins 
shown, 

Patterns are observed effectively from below by holding the tilted tube 
(about 40 degrees) at eye level against good hight. The typical “negative” 
pattern is compact and usually sharply defined. It best presents as a small 
red dise in the control tube when absorption is complete. In tubes contain- 
ing sensitized cells the dise is usually larger and has a light center of 
varying, size. 

Reactions are graded one through four according to the extent of dis- 
tortion at the periphery. The basic positive pattern is a thin film of cells 
which covers the bottom of the tube. Clumping of red cells to form: a side 
is aone plus, and a square is a four plus. Two- and three-sided figures give 
the intermediate grades of two plus and three plus. These are the usual 
designs. Hexagons, pentagons, and triangles are assigned a four plus since 
there is complete loss of circular form. Clumping at the circumference of an 
N pattern is a one or two plus according to degree. The N or basic positive 
pattern and cupping with a less than linear distortion are recorded but are 
not yet used as the endpoint. Their inclusion will further imerease titer 
and yet maintain specificity. In practice, a reaction of one plus or more 
places the titer, and a titer of eight units is a positive test. 


DISCUSSION 


The hemagglutination test for rheumatoid arthritis is described at some 


length from titration of the reagents to interpretation of results. This par- 


ticular method has been in active use for over two years. Iexperience with 
the various modifications of the test extends over a longer but less continu 
ous period of time. These modifications were orginally used in the sereen- 
ing search for a single basic and fairly sensitive test. They are again 
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encountered by necessity in the evaluation of recent highly encouraging 
refinements’ ** by others. Modifications occur naturally in the develop- 
ment of a test and lead to improvement. They can be too numerous, and a 
cumulative effect is felt when the new methods are imposed on diverse 
ones. A standard basic method permits ready evaluation of these promising 
refinements which deal principally with fractions of serum = rather than 
whole serum. 

The method as deseribed detects the agglutination of sheep cells by 
settled pattern rather than by agitation. This is a more effective means 
since the titers of rheumatoid patients are unchanged or increased, while 
the serums of most nonrheumatoid individuals will fail to react within the 
visual range of the test. This is more than a matter of personal preference 
since the real range of the test becomes extended by the inclusion of the 
lower and now significant titers. 

The total effects are not in conflict since less hemolysin is needed. It 1s 
the efforts to increase sensitivity by use of more hemolysin that have been 
ineffectual through an inordinate loss of specificity. Tis is apparent from 
the direct comparison of methods. [t is expressed in a somewhat different 
way in the study of Alexander and de Forest.’ Incidence of positive tests 
(64 units and more) was 75 per cent in rheumatoid patients. Selection of 
a titer of 1:16 (16 units) as the line of demarcation increased the per cent 
to SS but positive tests appeared in individuals with osteoarthritis to the 
extent of 20 per cent. 


This present method is suggested as a standard method. High selectivity 
is obtained without apparent alteration of the basic factors. Its nature sug 


gests that more of the total mechanism is open to imspection. Both quality 
and consistency are important for accuracy in the appraisal of promising 
refinements. 

The few other changes in the hemagglutination test are of a streamlining 
nature, The absorption procedure is the most effectual timesaver of all. 
Failure to remove adequately heterophile antibodies is so unusual that ne 
effort is made to supply comparative figures. The following facts are imme- 
diately available. Absorption was incomplete in-one of the serums from 121 
recent patients (first method wath refrigeration for two hours). This in 
cidence of less than one per cent is known to be high. Removal was com- 
plete from all serums of 203 patients in a dater group (second method 
The treatment of exceptional serums is not yet uniform because of their 
infrequency and the etheacy of the usual means at hand. The process may 
be started anew wath another Of ml. sample of inactivated sertm, Agitation 
and refrigeration is lengthened. A new lot of sheep cells is at times used. 


This means as usually preferred since the method remains constant. Time 
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and inadequacy of serum would favor the alternative of an addition of 
OS mil. of cells to 0.6 ml. of the partially absorbed serum. The regular dilu- 
Hons are maimtained quite readily. There is loss of a safety factor since the 
concentration of serum in the control tube and first tube of the test is the 
same (1:8). 

Although serum is used with continuing regularity in this laboratory, 
reference should be made to the use of plasma in the test. The following 
comparison was prompted in part by an early situation where only an 
oxalated sample of blood was available for the determination. The sources 
of plasma and serum for the parallel tests were 20 patients and 5 healthy 
adults. The patients were clinically distributed as: rheumatoid arthritis, 20; 
rheumatoid arthritis with psoriasis, 1; osteoarthritis, 7; and gout, 1. Those 
with rheumatoid arthritis included four whose tests had returned to nepa 


Tak ation atom ARTHRITIS AND EN 
NONKHEUMATOID TLENESSES (200 ApuLts) 
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Hlemagalutination test 
viomher of 


Clintcal impression patients Positive Neqatwe 


Rheumatoid arthritis 100 9] 9 
Other illnesses 100 


tive and one with only negative tests on record. The titers of plasma and 
serum) matched in 32 instances. Pwo individuals with rheumatoid arthritis 
had plasma titers of 512 umts and serum titers of 256 units. There was no 
shift of result from negative to positive even with the five rheumatoid 
patients. For these and other reasons, the increase is) without import. 
Neither absorption nor red cell pattern was affected) This 1s evidence that 
in usual laboratory practice plasma and serum can be used quite inter 
chanyeably as dictated by convenience or need. 

Table 1 summarizes with minimal detail the results of the hemagelutina 
tion test in 200 patients. Itasaneluded since striet adherence to method 
be unduly limiting in this discussion of a clinical test. Attention is called to 
the manner of selection of the patients. The primary source was the files of 


the Streptococeus laboratory which melide many with rheumatie disease 


ical behavior of the te S assessed from the results im wellestabh hed 


ss, both rheumatoid and The number in each group 


lamuited to LOO adults. The rheumatoid patients have “textbook” rheu 
arthritis and the result of the hemagelutination test tabulated is that 
the individuals in the control group 


presentinge Without ove rheumatord 
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arthritis, This should result in approximate information on sensitivity and 
selectivity with a somewhat high incidence of positive tests in both groups. 

The data in Table 1 place the diagnostic effectiveness of the hemayglu- 
tination test at about YO per cent (189 of 200° patients). Information 
obtained from other studies in this clinic indicates that the figures have a 
broad validity.” The failure of the method to support the clinical impression 
in the 1] patients Jacks full explanation. 


SUMMARY 


The hemagglutination test for rheumatoid arthritis as described offers 
the high selectivity and sharp results which are requirements for a practical 


test. It should serve as a satisfactory standard method for new and special 
refinements, 
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INFECTIOUS MONONUCLEOSIS AT THE YALE-NEW HAVEN 
MEDICAL CENTER 1946-1955} 


This paper is presented in the form of a progress report with the primary 
objective of evaluating recent experiences with infectious mononucleosis 
observed at the Yale-New Haven Medical Center during the years from 
1046 to 1955. Two preceding reports from this department, dealing with 
earher experiences with this disease, have surveyed the 15-year period, 
1923-1938" and the &-vear interval, 1936-1946." 

The current series totals 166 cases of infectious mononucleosis, diag- 
nostically acceptable on the basis of chnieal, hematological, and serological 
criteria. The basis of their original selection was that the clinical diagnosis 
of infectious mononucleosts had been made. This original list was carefully 
reviewed, case by case, and a number of questionable cases were eliminated, 
Frequently, the unabsorbed heterophile antibody titre was either negative 
or below a minimum titre of 1:80; although, by climeal and hematological 
standards, these cases were acceptable and included in the series of 166 
cases as examples of infectious mononucleosis. These cases, which are O-+ 
in number, have therefore been compared and analyzed throughout. the 
paper with the group of 72 cases in which all criteria were satisfied. All of 
the cases have been admitted during the period, 1946 to 1955, to the 
Yale-New Haven Medical Center on exther the medical or pediatric services 
and many were followed Tater the out-patient departments of these 
respective Services, 

In the present review, no attempt will be made to cover all aspeets of this 
important disease. Only recent hterature will be reviewed and that im a 
relatively limited fashion. The emphasis in this paper, as in the previous 
ones, will be largely concerned with current theories relative to patho 
genesis, etiology, and mode of spread, as well as new observations 
concerning: the clinical picture and their meaning. 


* Instructor in Preventive Medicine 


+ These studies were carried out under the sponsorship of the Commission on Viral 
Infections, Armed Forces Epidemiological Board, and were supported in part by the 
Office of the Surgeon General, Department of the Army 
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KEVIEW OF LITERATURE 


Since 1946, numerous clinical and epidemiological developments wath 
regard to this disease have received attention in the medical literature. 


I: pidemiology. Vhe disease has been increasingly recognized in the past 
decade and its frequency is increasingly apparent. Currently, M. A. Rugg- 
Gunn” has reviewed a large series of cases of infectious mononucleosis in 
the British Royal Navy and finds it to rank second in frequency to rubella, 
if the common cold and imfluenza are excluded. However, there has been 
a sigmiheant lack of the occurrence of recognizable epidennes of bona tide 
examples of the disease. Although prevalent among hospital, university, and 
population groups, mlectious mononucleosis rarely has been 
observed among roommates and close associates. In their analysis of 47 
cases ina New England college during the winter of 1048-49, evans and 
Robinton’ found only one instance of its Occurrence in roommates, and 
observed that the disease tended to involve freshmen and sophomores more 
frequently than upperclassmen, At the United States Army Miltary 
Academy, Hoagland” also has noted the lack of prevalence of this disease 


Kecent clinical experience. There has been an increased appreciation of 
the amount of diffuse organ involvement ino infectious mononucleosis, 
particularly the liver. Liver biopsies have revealed a characteristic type of 
pathology consisting of mononuclear infiltration imo periportal spaces and 
elsewhere, which can be ditferentiated from) the pathology of infectious 
hepatitis. reported from this laboratory, positive cephalin floccula- 
tion tests in 95 per cent of cases without clinical jaundice. Ina series of 15 
cases Without jaundice, Cohn and Lidman’ correlated the severity of the 
disease with the amount of hepatic impairment and noted that the thymol 
turbidity and bromsulphalem excretion tests were of greatest clinical sig- 
nificance, In their series, Schultz and Hall found evidence of abnormal 
bromsulphalein retention or abnormal flocculation tests im 92 per cent of 


75 patients. In view of this fact that hepatic dystunction is almost universal, 


liver function tests have been used by Watson ef ian epidemiological 


survey of subclimieal cases. 

Custer and Smith? state that interstitial pneumonitis occurring as a teature 
of infectious mononucleosis would be indistinguishable from that of atvpeoal 
or rheumatic pneumonitts. In and Gravinel’s” 
series of four cases, clectrocardiographic abnormalities were compatible 
with acute myocarditis, 

Many investigators have called attention to varying degrees of encepha 


itis, meningitis, or both, occurrmy in this disease, and Custer and Smith 
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have demonstrated these findings in three individuals. Two cases of their 
series presented the Guilhan-Barré syndrome, and autopsy revealed only 
nunor gangiion cell changes in the spinal cord, but there was the additional 
involvement Of spinal nerve roots. 


Thirteen cases of acute hemolytic anemia, complicating infectious 
mononucleosis, have been described in the literature, and were recently 
reviewed by Thurm and Bassen.” Recovery occurred in all cases of heme 
lytic anemia, but splenectomy was considered necessary in two cases of this 
series in view of the severity of the hemolytic process. The etiology of this 
complicating hemolytic anemia in infectious mononucleosis remains obscure, 
but Thurm and Bassen mention that it may be either the result of the 
liberation of hemolytic mamune antibodies or a marked hyperspleme effect, 
Thrombocytopenic purpura, as a compleation of infectious mononucleosis, 
and its regression during the period of convalescence have frequently 
been observed. 


[vperimental transmission, In contrast to the multipheity of climeal 
observations in this disease, the results of experimental transmission of 
infections mononucleosis have been Jess revealing. Repeated attempts to 
transmit the disease to primates, including chimpanzees, have been carried 
on several laboratories ineluding: our own and have in almost every 
instance been unsuccessful? evans” mentioned that prior to 1947 there had 
been 40 individual attempts at experimental transmission to man but only 
two were successtul, Farher work records the fact that in 1040, Sohier 
ef al inoculated a human volunteer intramuscularly with 6 ce. of whole 
blood from a monkey which had been inceulated 16 days before with similar 
material from a patient with infectious mononucleosis. The volunteer later 
developed hematological and serological evidence of the disease, but had ne 
clinical symptoms. Wising,” 1942, used 250 ce. of heparimzed whole 
hlood from a patient in the acute phase of infections mononucleosis, and 


Injected this intravenously into a volunteer, who then developed an illness 


clinically suggestive of infectious mononucleosis, but with only a sheht rise 
in Sheep celltitre. own laboratory, Haven in 1945-46" and Evans 


1040 47° repeatedly attempted experimental transmission in human volun 


teers by ting pooled throat washings, serum and stool preparations from 


hitman eases of the dise: texpermments with 17 subjects, aged 
10-25 years, 21 transmission attempts were made by using: oral, intranasal, 
Intramuscular, and qntracutaneous mocula: however, in no mstanee did the 
human volunteer develop evidence of infectious mononneleass 
luded that either the causative agent was labile and easily 
ceptibility 


was low oan the volunteers eniployved 
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Further experimental attempts by evans in 1950," in a group of 16 volun- 
teers, produced suggestive diaynoses in seven subjects, but there was 
insufficient evidence to term these transmissions successful. 

Recently, Hoagland” has suggested that on the basis of clinical experi- 
ence, infectious mononucleosis may well be transmitted by direct and 
intimate oral contact, which allows for moderate salivary exchange, and 
that an incubation period of 33 to 49 days follows such exposure. 


Differential diagnosis. In view of the increasing recognition of the 
protean clinical manifestations of infectious mononucleosis, the number of 
diseases for which it can be mistaken is expanding. It is not my purpose to 
present a complete listing of common diseases with which infectious mono- 
nucleosis may be confused, but among the most prevalent are: acute. 
leukemia, infectious hepatitis, German measles, and acute appendicitis. 

Acquired toxoplasmosis of the latent form may have generalized lympha- 
denopathy as a prominent feature, as well as a variable lymphocytosis. In 
this disease, a brief febrile period may occur, followed by lymphadenopathy 
persisting for several weeks and, in) some instances, several months. 
Skipper, Beverley, and Beattie? have recently reported on two such cases of 
toxoplasmosis in young adults. In both instances, the Paul-Bunnell tests 
were negative. Siim” has commented that some illnesses diagnosed 
clinically as infectious mononucleosis in which the Paul-Bunnell reaction is 
found to be negative, the serological reactions may well be positive for 


toxoplasmosis. 


In 1942, Blake, Welt, and Craige’ described a disease process character- 


ized by transient fever, red-brown maculo-papular rash, lymphadenopathy, 


and leukopema with lymphocytosis. The sheep cell titre was not elevated, 
and the presence of atypical lymphocytes was not uniform. They suggested, 
therefore, that this may be a variant form of infectious mononucleosis. 

Cases of another differentiated disease, infectious lymphocytosis, have 
usually been described in the pediatric age group, although several adult 
nesses have been reported, The majority of patients have exhibited signs 
of an upper respiratory infection, without further clinical symptomatology ; 
however, abdominal pain and central nervous system signs may be associ- 
ated findings. The significant characteristic is the leukocytosis, ranging, 
according to Riley,” from: 22,500 to 120,000, with small mature lympho- 
cytes varying from 62 to 97 per cent of the differential white cell count. 
This abnormal leukocytosis usually persists for two to five weeks, but 
lymphocytosis as long as seven months has been described. The heterophile 
antibody agglutination 1s negative in all cases. 
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Current literature contains mumerous consecutive reports about) the 


recent epideniie of 119 cases of an infectious disease,’ which was initially 
thought to be infectious mononucleosis, at the Royal Free Hospital in 
London. This epidemic was of such magnitude that the hospital was forced 
to discontinue admitting patients for a limited time. The disease was char- 
acterized by malaise, sore throat, cervical adenopathy, headache, vertigo, 
and frequent signs of an encephalomyelitis. In no instance, however, were 
the typical lymphocytic abnormalities or elevated heterophile titre found to 
he present. This series 
of what might be ‘called 
borderline illnesses in 
dicates that there are a 
number of entities with 
Which infectious mono 


nucleosis may be readily 


OF CASES 


confused, some well 


described, others very 


poorly delineated, 
925 1930 1940 1945 1990 oe 


Present sertes of Causes 

1. Total cases of inteetious mononucleosis ad 
collected the Yatle- natted to the Yale-New Hlaven Medical Center during 
New Haven Medical the five-year periods, 1925-1954, represented hy the solid 
Crates, 1946: 1055.—tu- line reters to total hospital admissions 
crease in frequency. A 
progressive inerease in the number of annual hospital admissions has con 
tinued to be the experience at the Yale-New Haven Medical Center, Figure 
Toillustrates this situation in graphie form wath an imeidence rising trom a 
total of 15 cases hospitalized during the 5-year pertod, 1925-29, to 87 cases 
admitted between 1950 54. Although the number of hospitalized cases has 
increased steadily in the past 20 years, there has never been an apparent 
epidemie form of the disease either in the hospital, university, or urban 
population groups. 

During the 1925-54 period illustrated ino Figure 1, general hospital 
admissions to the Yale-New Haven Medical Center have also. steadily 
increased, Their rise in the last four years (1950-1954) has been due in part 
to the consolidation of the New Haven Hospital and the Grace Hospital. 
The latter, however, accounts for a relatively small percentage (one per 
cent) of the total number of infectious mononucleosis patients admitted 
during that period. 

It is my interpretation that this rising incidence 1s not necessarily due to 


an actual increase of the disease, but that two factors are Wportant : 
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(1) the disease is being diagnosed more accurately and (2) the cases are 
being hospitalized with greater frequency. 


Age. In this series of 166 cases, the maximum frequency occurred 
between the ages of 16 and 29 years, as illustrated in Figure 2. A similar 
age distribution pattern was established for the comparative group of 72 
cases, chosen on the basis of more exacting diagnostic criteria. There was a 
sigmificant number of childhood cases with 16.8 per cent present in children 

sunder ten years of age as noted in Table 1. This increase in juvenile cases is 
undoubtedly more ap- 
parent than real, but 
has been masked in the 
past by such mild symp- 
toms that the disease 


or Cases 


passed unnoticed. Pre- 
vious reports have em- 


phasized the frequency 


30 40 


aoe im veans hood, although this has 


hig 2. Age distribution of 166 cases of infectious not been the common ex- 
mononucleosis at the Yale-New Haven Medical Center, . 

1946-1955. perience of larger hos- 

pitals. [tis probable that 
the concentration of cases between the ages of 20 and 30 in this particular 
series Is due or at least weighted by the fact that the local medical students, 
internes, nurses, and the hospital attendant population of the Yale-New 
Haven Medical Center represent an appreciable part of potential patients. 

Season, In accord with previous experience, cases of infectious mono- 
nucleosis have not been concentrated in any particular season of the year. 
Actually, they have been distributed quite evenly throughout the year. 

Race, Seven cases in this series were Negro patients representing 4.2 
per cent of the total series. This is somewhat lower than the ratio of 
Negroes to whites in this general hospital population where the percentage 
of Negroes is approximately 1O per cent, 

Occupational relationship, As noted in preceding paragraphs, the highest 
incidence of patients with mfectious mononucleosis occurs between the ayes 
of 16 and 29 years in this case analysis. This particular age distribution 
may be a prime deternuning factor in the occupational categorization of 
these patients, since approximately 50 per cent of patients have occurred 


among hospital, university, or institutional groups. The current) series 


emphasizes the high, although sporadic, incidence of the disease, primarily 
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among medical students, nurses, internes, and secondarily among university 
students and institutional workers, which is keeping: with) previous 
experiences. Numerous reports have also appeared in the literature con- 
cermng the frequency of the disease in military establishments (Wechsler 
etal)" and training schools (Hoagland ).” 

Nevertheless, there must be other environmental factors involved inthis 
disease which are over and above the mere exposure in hospitals and insti 
tutions, for otherwise one would be hard put to explain such findings as the 
significant number of cases in the pediatric age group. 


Taste Ll. Ack py Drcapes oF 166 Cases oF INFECTION 
MONONUCLEOSIS IN THE YALEF-NEW HAVEN Mepican 
CENTER SERIES, 1946-1955 


Age qroup Number of cases Per cent in each age 


28 168 
11-20 28.9 
21-30 45.2 
90 


The occupational relationships of a control series of patients have been 
analyzed and the findings presented in) Table 2. These controls were 
matched according to aye, sex, and hospital year and all cases were 
admitted to the Yale-New Haven Medical Center during the period from 
1946 to 1955. Five disease entities were used as a basis for the selec 
tion of controls, (1) infeetious hepatitis, (ity rheumatic fever, 
(iit) searlet fever, (ivy acute appendicitis, and (v) primary atypical 
pneumonia, 

The most striking contrast between the current series of infections 
mononucleosis cases and the above control group was the fact that hospital 
workers accounted for 32 per cent of the cases in this series, whereas they 
represent only 4 per cent of the control group. [tas sugyested that this may 
be due to the fact that the disease is more readily detected in a hospital 
population ino view of a more careful climeal surveillance and additional 
laboratory tests. Also, hospital personnel would be admutted to the hospital 
for study perhaps more readily than members of the surrounding 
community. 


In the control series, 24 per cent of cases represent hospital, university, 


and institutional workers, whereas over 46 per cent of the cases are from 


spec fie Upation groups, 1e., office workers, housewives, factory worker 
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laborers, salesmen, ete. Among the professional and technical workers, 
there was no significant percentage difference between the infectious mono- 
nucleosis cases and the controls. Consequently, the designation of infections 
mononucleosis as a so-called “white collar” disease was not borne out in 
this particular comparative case study, 


Tasie 3. SYMPTOMS AND SIGNS DURING THREE CLINICAL STAGES OF 
INFECTIOUS MONONUCLEOSIS IN 166 CASES 


First week Second and third weeks Late and convalescent 
166 Cases Cases 15 cases 

Cervical aden. 58% Cervical aden ‘ Splenomegaly 
Sore throat 51% Fever Hepatomegaly 
Splenomegaly 29% Malaise 
Malaise Anorexia 
Headache i Malaise 


Red throat 27% Hepatomeyaly 


Anorexia 


Splenomegaly 29% Sore throat 
Chills Tonsillar exud 
Hepatomegaly Headache 
Cough 3% Red throat 
Rhinitis 3% Cough 

Tonsillar exud 3% Nausea, vomiting 
Anorexia Abdominal pain 
Skin rash Skin rash 
Photophobia Stomatitis 
Abdominal pain 54% Jaundice 

Neck sore ; Diarrhea 
Nausea, vomiting Photophobia 
Diarrhea 3% Swollen eyelids 
Neurological Sx Neurological Sx 
Jaundice 


Stomatitis 


CLINICAL PICTURE 


Symptoms and signs. In view of the particularly insidious nature of this 
disease, signs and symptoms will be analyzed chronological 
stages, Le. first week of the disease, second and third weeks, and date or 


convalescent period, 


First week symptoms. The prodromal or incipient symptoms in this series 


(see Table 3) have been nonspecific ino type but most important were : 


fever, tender cervical adenopathy, sore throat, and generalized glandular 


20% 
18% 
14 
8% 
4% 
40 
3% 
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enlargement, Malaise and headache were the next) most prominent 
symptoms noted, 

Actually, the symptomatology during this early period bore the same 
relationship in both the total case study of 166 individuals and the smaller 
comparative group of 72 individuals. The febrile period may become more 
exayperated at the end of the first week, and in many cases may increase 
daily in a step-wise fashion. Frequent cases, however, experienced a high, 
sustained fever with the onset of the disease. In approximately 45 per cent 
of the cases in both series, generalized glandular enlargement was present 
by the end of the first week; 25 per cent of individuals had splenomegaly 
at this time, There was a one per cent incidence of definite clinical jaundice 
during the first week of illness in this series. 

Neurological symptoms were present ina very small percentage of cases, 
and the most severe complication in this series was that of a transient, left 
facial paresis which the patient developed on the fourth day of illness. 
Lammbar punctures were performed in 20 cases with the subjective symptom 
of headache but without objective neurological findings and & of these 
individuals (40 per cent) had elevated CSP protein determinations, 
ranging from 45 to A pleoeytosis was present in the 
CSI of 4 cases (20 per cent). 


Second and third weeks or mid-stage syuiptoms, Approximately 58 per 
cent of the cases in this series experienced persistent symptoms during the 
second and third weeks. It is in the second week of the disease that the full 
clinical pieture becomes manifest. Generalized glandular enlargement, cervi- 
cal adenopathy, and fever were the three most prevalent: symptoms, and 
splenomeyaly and hepatomegaly were present in about 30 and 25 per cent 
of the cases, respectively. Pharyvngeal complaints were frequent, with sore 
throat being more commonly noted than either the objective findings of 
tonsillar exudate or pharyngitis, 

Climeal jaundice was observed in only 3 per cent of cases during the 
second week of illness. In 47 nonjaundiced patients, liver function tests 
were performed during the second- third-week period were 
abnormal in &5 per cent of these individuals. 


Late or convalescent symptoms. Fifteen cases (9 per cent) in this series 


had either objective or subjective symptoms beyond three weeks. General- 


ized glandular enlargement continued in 73 per cent; splenomegaly per- 


sisted in 47 per cent of the individuals. Symptoms of malaise and anorexia 
persisted in some instances for several weeks, and one case experienced 


generalized adenopathy and low-grade fever for a period of months. 
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There were no deaths in this series, and the most severe compleation was 
that of an associated hemolytic anemia, which was present in two cases, 
both of which responded well to cortisone therapy. In one case, electro- 
cardiographic abnormahties consisting of To owave depressions in Leads 1, 
I], V4-6 were present. 
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FIRST WEEK. SECOND WEEK THIRD WEEK | LATE AND CONVALESCENT 


Rig. 3.) Leukocyte and Iymphocyte determinations 1660 cases of infectious 
mononucleosis. 


Blood picture. Vhe patterns of total white blood count and. differential 
count are summarized in Figure 3. These data are based on an analysis of 
347 blood counts in 166 patients. 

In many ways, this compheation of data yields disappoimting results in 
that the aggregate counts during the first week of the disease did not depict 
a trend observed in many individual patients, an initial lencopemia, fol 
lowed by a moderate lencocytosis developing during the second week of the 
disease, and reaching a peak at approximately the ]5th day of the disease. 


Many of the present senes had a leucoeytosis during the first week of the 
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disease which persisted throughout the second and third weeks of the ill- 
ness. Lymphocytosis increased at the end of the first week of the disease 
and persisted throughout the second and third weeks of illness. The average 
degree of lymphocytosis during this period was between 50 and 70 per cent, 

The two cases of this series which were complicated by hemolytic 
e@nenia developed this compheation during the second week of the disease. 
‘Mematocrit levels dropped from 47-32 and 42-32, respectively, and were 
associated with elevated retic 
ulocyte counts. both in 


stances, the Coombs test was 
negative. 

There was no laboratory 
evidence of associated throm 
bocytopenia in this series. of 


Cases, 


PER CEmT OF TESTS POSIT VE 


The heterophile antibody 
titre. Recent work by Zara- 
UNaseson@to TITRE 1 80 aBove fonetis, et has demon- 


TITRE 110 ABOVE 


strated) that) omany 
HETEROPHILE ANTIBOOY TITRE 


stances false positive hetero- 

hig. 4. Heterophile antibody determinations in 
166 cases of infectious mononucleosis. phile agglutination — results 
may be due to the phenome 
non of cold agglutination and they have advocated that cold agglutinins for 


sheep red cells be removed by absorption with guinea pig kidney or dis 


pelled by warming to 37° C. [tas suggested that cold agglutinins may have 


been responsible for the confusing results earher with the Paul-Bunnell test. 


Phe actual tests used for clinical diagnosis in this study have been of two 


types: (1) the Evans test’ for prompt diagnosis, which is more or less a 
screening procedure, (ir) the other representing a modification of methods 
used by Davidsohn® and Stuart et al. In all cases, adsorption tests were 
performed wath guinea pig kidney. This method has been deseribed in 
a bulletin’ issued by the Bureau of Laboratories, Connecticut State 
Department of Health. 


In the present series, we have considered significant only an unadsorbed 
heterophile titre of 1:80 or higher, but recognize any completely adsorbed 
titre with guinea pig kidney of 1:10 or greater* as being serologically valid 


in infeetious mononucleosis. The degree to which positive sheep cell 


*In this series, 23 per cent of cases had a completely adsorbed titre with guinea pig 
kidney of 1:10 or 1:20; 77 per cent were higher. 
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ayglutinins occurred during weekly intervals of the disease appears in the 
diagram, Figure 4. 

The data are based on the results of 206 serological tests. It wall be seen 
that during the first week of illness, only 38 per cent of thé cases had 
significantly positive titres, but that this increases to 60 per cent during the 
second week, and reaches a peak of 79 per cent positive in the third week 
of the disease. precipitous decline heterophile antibody titre) then 
follows in the fourth and subsequent weeks. 

Its apparent from these data that the diagnosis should not be made on 
the basis of one test alone, and that sequential tests should be used. In view 
of the sharp decline in titre after the third week, it appears, as has been 
suspected in the past, that we are dealing in this disease with a transient 
and short-lived antibody, 


Comment and swaumary. Vis analytical report of the hospital records of 
166 cases of infectious mononucleosis, admitted to the Yale-New Haven 
Medical Center during the period, 1946-1955, is the third of sneh progress 
reports from this particular institution. Although it was felt that each of 
the above 166 cases was climeally diagnostic of infectious mononncleosis, 
In many cases the heterophile antibody titres were either neyative or not 
significantly elevated. Thus, the results of this larger number of cases were 
compared with a group of 72 cases in which serological criteria were diag 
nostic and found to be essentially the same. Consequently, analytical results 
were considered to be statistically valid all of the original 1660 cases. 

The frequeney of diagnosis of infectious mononucleosis was noted to be 
steadily increasing, and the author's that this indieates an 
increasing degree of familiarity with the disease and its recogmition on the 
part of physicians in-egeneral, No epidenue form of the disease has been 
apparent in this population group. The age distribution of thiy series 
revealed maximum incidence to occur between the ages of 16 and 29 years, 
and there was an increased number of cases diagnosed in the pediatrie age 
group. As previously noted, no seasonal variations could be established, 

The oceupational relationships of these cases were reviewed and approxi 
mately 50 per cent of the patients came from hospital, university, or 
Institutional groups. A control series of patients, matched according to 
year, sex, and aye, was examined and the marked imerease of infectious 
mononucleosis in the hospital population was substantiated by comparison, 
However, among nonmedical professional and technical workers, there was 
no apparent difference between the study and control groups; thus, the 


designation of infectious mononneleosts as a so-called “white collar disease” 


could not be substantiated in this particular analysis 
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Clinical features of the disease were reviewed and certain complications 
present in this series were included, An analysis of the blood pieture was 
presented and an early leukopenia followed by a significant: rise of the 
lymphoid elements beginning at the end of the first week of the disease was 
observed in many cases. 

The heterophile antibody titre was found to be significantly positive in 38 
and OO per cent of tests during the first- and second-week periods, with a 
maximum of 79 per cent of tests diagnostically positive during the third 
week, The value of sequential determinations of heterophile antibody titre 
for a definitive diagnosis was noted, 
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A TECHNIQUE OF CROSS-CIRCULATION IN THE RAT WHICH PERMITS 
ACCURATE CONTROL OF BLOOD VOLUME TRANSFERS{§ 


While the technique of cross-circulation has been used extensively in 
physiology, it has usually been employed with large animals. The present 
paper describes a method of cross-cireulation that has been’ successfully 
adapted to the rat. 

The use of this species offers certain advantages : (a) animals are uniform 
in structure as a result of continued inbreeding, (b) blood types are similar 
and consequently difficulties due to incompatibility are not a problem, 
(c) marked resistance to infection is present, (d) certain organs can be 
removed comparatively easily, and (e) since the laboratory rat has been 
used extensively in biological investigations, a great deal of standardized 
information is readily available for use as control data. 


PREPARATION OF ANIMALS 

Rats weighing approximately 200 grams have been used. They are 
anesthetized with Nembutal (5 mg. per 100 gm. body weight given intra- 
peritoneally ) and are prepared as follows: 

A transverse skin incision is made just below the inguinal ligament ; the 
skin is dissected free of fascia and retracted, so that an adequate exposure 
of the femoral artery, vein, and nerve is made. The blood vessels and nerve 
are dissected free of adhering connective tissue and the femoral nerve is cut 


inorder to diminish the number of impulses relayed during the cannulation 


and cross-circulation procedures. A 2 per cent solution of Papaverine® is 


then apphed locally to the blood vessels to relieve the vasospasm that oceurs 
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as a result of manipulation of the femoral vessels. Thread ligatures are 
placed under the vessels to be cannulated, and the entire operative area is 
kept moist with warm saline. Polyethylene tubing (size PoE. 50), filled with 
a solution of heparin (1O my /ml.) and occluded: at one end, is used to 
cannulate both the femoral artery and the vein. While the central and 
peripheral ends of the blood vessels are occluded by means of the ligatures, 
a transverse incision is made in the blood vessel wall and, with the aid of a 
fine dental pick used as a guide, the cannula ts inserted into the blood vessel 
and tied securely in place. The peripheral ends of the blood vessels are then 
tied off and the ligatures removed from the central ends. After cannulation 
of the Donor and Recipient animals has been completed, both receive intra 
venous injections of Tomy. of heparin in a volume of mil. and are 
connected to the cross-circulation apparatus. 


CROSS-CIRCULATION APPARATUS 


An apparatus was designed (Figs. 1 and 2) constructed of plastic 
nonwettable surfaces, which could accurately measure and transfuse specific, 
relatively small, volumes of blood, of the order of 5-100 ml, from one 
animal to the other, For this purpose, two Jucite évlindrieal chambers of 
approximately 2 ml. capacity, and graduated at the Tomi. mark, are used as 
blood reservoirs for each animal. The animal's vascular system is connected 
to the reservoir by means of polyethylene tubing (size PoE. 90) which could 


be joined to the cannulae without danger of leakage. The blood is always in 


contact with plastic surfaces and flows freely without clotting. The cannulae 
from the femoral arteries enter the head of the evlinders while the venots 
return to the femoral veins is attached at the base, and of course crossed 
over, so that the arterial blood of one animalis discharged into the femoral 
vein of the other. Since the chief difhieulty cross-circulation experiments 
in small animals is an inadequate rate of venous return through the fine 
polyethylene tubing employed, provision is made to apply air pressure to 
each cylinder, This not only rapidly empties the contents of the cylinders 
into the veins, but at the same time is so arranged that the arterial cannulae 
are occluded throughout this period. A simple telegraph key in conjunction 
with a mereury manometer is used to control both the maymitude and dura 
tion of the apphed air pressure, so that the operator can adequately control 
the volume cross-transfused from one animal to the other. Thus, when the 
reservoir is filled to the Tamil mark, the operator presses the telepraph key 
Which simultaneously occludes the arterial inflow, occludes the air pressure 
outflow from the reservoir, and opens the air pressure inlet into the reser 


voir, thereby building up oa pre-determined magnitude of air pressure 
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lig. 2) Diagram of the cross-circulation apparatus. 


(approximately 100-150 mm. Hy). The blood is foreed out of the reservoir 
and into the vein ata rate dependent upon the air pressure applied. Upon 
release of the telegraph key, the pressure in the reservoir is) diminished 
almost instantaneously and the outflow of blood from the reservoir ceases. 
In this way, }oml. of arterial blood can be collected from the Donor rat A 
in-one cylinder and discharged into Recipient rat Bo Each emptying of each 
reservoir is recorded, Since the tiling and emptying of the cylinders are 
independent of each other there is no possibility of bleeding one rat into 
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another and the rate of exchange of blood can be kept equal. Blood volumes 
up to 100 mil. have been cross-circulated ; the average rate of transfer ts 

approximately Tom. per minute, At the end of the eross-circulation of a 
A specific volume of blood, the blood vessels are tied off and the cannulae 
removed, The ammals readily recover from this procedure, 


DONOR AND RECIPIENT BLOOD MIXING DURING CROSS-CIRCULATION 


Calculated equilthraan curve 


When using a cross-circulation technique in biological research, it is often 
necessary to know the number of transfers required for the circulations of 
the cross-circulated partners to attain equilibrium. An equation may be 
derived to calculate the degree of blood mixing at any time during eross- 
transfusion. 


where: 


= cone. in partner at any time. 
Ca = cone. in partner A at any time. 

y = ml. transferred at each interchange. 

n= number of transfers. 

VA volume of blood in partner A. 

Va= VAot y. 

Vp = volume of blood in partner B. 

Vn = VBo + y. 

K = Bo. 


- 
Kk, = 
V Bo 


\ 


Ky Vp 


; Calculation of the degree of mixing by means of this equation requires 
specific information such as the initial blood volumes of the two animals, 
the volume transferred during each interchange, and the initial concentra 

tion of the substance to be assaved in both A and Furthermore, it must 
be assumed that the material being assayed is not added to or lost from: the 


circulations at an appreciable rate, 


Ky" — 1 
= VB + Ray 
647 


YALE JOURNAL OF BIOLOGY AND MEDICINE 


Using this equation, the per cent mixing was calculated for animals of 
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different initial blood volumes, i.e., 10 ml, 15 ml., and 20 ml, using transfer 
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hig 3. Equilibrium curves obtained by 
means of caleulation from equation (see 


text). 


volumes of 1 ml. per exchange. 
The results of these calculations 
are shown in Figure 3. It can be 
seen that animals with smaller 
blood volumes reach equilibrium 
with one another sooner than do 


animals with larger blood volumes. 


curve experimentally 
determined by means of 
experimental verification of the 
calculated equilibrium) curve was 
made by the use of radioactive iso- 
topes. Fee was administered to 
Donor rats two wecks prior to 
cross-circulation with normal Re- 


cipent animals whose cells 


were not labelled. During this two-week interval, the radioactive isotope 


was incorporated into the Donor’s red blood cells, which now served as the 


indicator for the degree of 
blood mixing, since the red 
blood corpusele is not appre 
clably Jost from the cireula 
tion during short-term 
experiment. Sprague-Dawley 
rats of 200-300-gram body 
weight) were used this 
study. The radioactivity of 
Q.2 ml. blood samples, which 
were withdrawn specific 
intervals during the eross 
circulation, owas measured 
by means of seimtillation 


counter. The averages of the 
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results of four such experiments are presented in Figure 4. The results in 


dicate that equilibrium: (at least 9507 mixing) between the two circulations 


is attained after twenty 1 mi. transfers, 
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COMMENT 


The method described in this paper has been successfully employed in the 
study of certain problems in endocrinology’ and hematology.” It is antici- 
pated that this technique of cross-cireulation ino the rat, which permits 
accurate control of blood volume transfers, will tind numerous applications 
in nological research. 


SUM MARY 


The technique of eross-circulation has been adapted for use on small 
animals such as the laboratory rat. The technique and apparatus are 
described in detail. The femoral artery and vein are cannulated and specific 
volumes of blood are cross-transfused from one animal to another. The 
apparatus is so designed that the blood volumes of the two animals are 
kept in balance. The rate of transfer is approximately | ml. per minute, and 
volumes as large as 100 ml. have been exchanged without detriment to the 


partners. Using labelled red cells, it has been found that twenty Tomi, 


transfers result in equilibrium between the two circulations. 
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ESTIMATION OF BLOOD ACTH BY MEANS OF A 
CROSS-CIRCULATION TECHNIQUE} 


Since no direct chemical method is at present available for the quantitation 
of ACTH seeretion, indirect indices have, of necessity, been employed. 
Although many physiological and biochemical changes are associated with 
an increased activity of the pituitary-adrenal system, only a few of these are 
applicable as a method for the detection of such activity. 

Up to the present time, the detection of the release of ACTH from the 
anterior pituitary has been carried out by one of two methods. The first is 
to observe the change in one of the indices of ACTH secretion in the animal 
to which an experimental procedure under study has been applied. For 
example, the decline in the adrenal ascorbic acid has been extensively 
employed as an index of ACTH secretion. However, in the intact animal, 
this only indicates that an increased discharge of ACTH has taken place, 
but gives no information as to the duration of the increased secretion of 
ACTH. This is because the increased activity of the adrenal cortex con- 
tinues for a long time after a brief stimulus with ACTH,” despite the fact 
that ACTH is inactivated with extreme rapidity.” 

The second, more quantitative, method for the determination of ACTH 
in blood, used by Sydnor Sayers,’ Gemzell,” Cooke, Bornstein,’ 
Parrott,”"" and others, is to pool the blood of a large number of rats sub- 
jected to the same procedure, After suitable extraction and chemical 
manipulation, the concentrated material is injected into hypophysectomized 
rats, and the ACTH estimated by means of the decline in adrenal ascorbic 
acid according to the standard method of bioassay developed by Sayers, 
etal.” While this method can be employed to determine the blood ACTH at 


* National Science Foundation Postdoctoral Fellow. Part of this work was carried 
out during the tenure of the Porter kellowship of the American Physiological Society. 

+ Sterling Professor of Physiology. 

This investigation was supported by a research grant (PHS 256) from. the 
Institute of Arthritis and Metabolic Diseases of the National Institutes of Health, 
Pubhe Health Service. 

§ The material presented herein was taken from a dissertation submitted in 1955 to 
the Graduate School of Yale University by A. Brodish in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy in) Physiology. 

Recetved for publication February 21, 1956. 


: 
| 

| 

1 

650 
| 


Cross-crrculation technique and blood ACTH BRODISH, LONG 


different times following the application of a stimulus, it obviously offers 
opportunities for loss of activity through chemical changes to which the 
blood is subjected, That this occurs is suggested by the reports of Morruzzi 
and coworkers’ who claim to have demonstrated the existence of two types 
of ACTH in blood: (a) an “active ACTH,” found mainly in normal sub- 
jects, which can be detected directly in the blood but which cannot be 
extracted and concentrated on oxycellulose, and (bh) an “activable ACTH,” 
found primarily in subjects with hypocorticism, which cannot be detected 
in blood directly, but can be estimated after activation and concentration 
with oxycellulose. Parrott,” comparing the acid-acetone extraction with the 
oxycellulose extraction of ACTH, found good recoveries when these 
methods were apphed separately, but a significant loss of ACTH activity 
occurred if both extraction procedures were employed on the same sample 
of plasma. Similarly, Gemzell, etal.” using the acid acetone extraction pro 
cedure, were unable to detect ACTH activity in 448 ml. of plasma from 


intact rats, whereas Sydnor and Sayers,” using the oxveellulose technique, 


were able to demonstrate activity in 12 ml. of blood from: intact: rats. 

In an attempt to avoid these difficulties, a cross circulation technique has 
heen developed whereby the blood level of ACTH, in its natural state in 
the circulation, may be measured. The operative technique and apparatus 
used has been described in the preceding paper’ The principle of the method 
is as follows: 

Ifa normal rat is united with a hypophyseetomuzed animal, the amount 
of ACTH in the blood of the intact rat can be estimated hy the chanpe pro 
duced in the adrenal ascorbie acid of the hypophysectomized partner, One 
adrenal is removed from the hypophysectomized Recipient before the eross 
circulation and the second gland is removed after a known quantity of blood 
has been exchanged between the animals. 


EXPERIMENTAL METHODS 


Male rats of the Sprague Dawley strain, weighing 200-300 prams, were used in 


these experiments. The “test” animal, (called the Donor), whose ACTH output was 
to be measured, was kept in a constant temperature room for at least one week prior 
to the experiment, and fed a diet of Purina chow and water, ad libitum. At the time of 
the experiment, the animal was anesthetized with sodium) pentobarbital (Nembutal 
60 me./ml), 5 pm. body weight, given intraperitoneally. The Reeipient 
“assay” animal was a rat that had been hypophysectomized 36-84 hours previously 

The operative cannulation procedure and apparatus for eross-circulation are 
deseribed in detail in the preceeding paper? 

By means of the dorsal approach, one adrenal was removed from the liypophysee 
tomized Recipient prior to the cross-crculation. This adrenal served as the contrel 


gland and was dissected free of adhering: tissue, weighed on a Roller-Smith torsion 
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balance, and placed in 64% Trichloracetic acid for subsequent analysis of ascorbic acid 
concentration according to the method of Roe and Kuether.” 

Prior to the beginning of eross-cireulation, both Donor and Recipient received 
intravenous injections of | omg. of heparin in a volume of 0.1 ml. At the end of the 
cross-transfusion of a specific volume of blood, the femoral blood vessels were tied off 
and the polyethylene cannulae were removed. Approximately 15-30 minutes after the 
end of the cross circulation, the second or experimental adrenal gland of the Recipient 
was removed, cleaned, weighed, and prepared for subsequent ascorbic acid analysis. At 
the termination of the experiment, completeness of hypophysectomy was determined by 
a carcful examination of the sella turcica. The results obtained from those experiments 


in which the Recipient was incompletely hypophysectomized were discarded. 


Taste or Ascorsic Acib in THE ADRENALS OF 
RATS BY CRross-CIRCULATION OF 
Varying AMounNtS OF Rats 


Vol. blood Duration of 
No. of X-cire, NX -cire “% Change im adrenal ascorbu 
expts ml. min. of hypox. SE. 


17 0 24 O73 
10 — 10.2 + 1.87 
24 40] 
10 : - 28.2: + 3.76 
10 — 30.7 + 2.39 
10 — 35.3 + 3.47 
6 446 


RESULTS 


Using normal Donors and hypophysectomized Recipients, ¢ross- 
circulation was established and varying volumes of blood, ranging from 5 
mi. to LOO ml, were transferred from one animal to the other. The results 
of these experiments are presented in Table 1. They indicate that a relation- 
ship exists between the volume of blood transferred and the percentage 
change in the adrenal ascorbic acid of the Recipient. Significant differences 
were obtained between volume transfers of 5 ml., 10 ml, 20 ml., and 40 mi. 
However, a blood volume transfer of more than 40 ml. did not further 
increase the adrenal response as judged by the ascorbic acid) depletion 
inethod. [tis interesting to note that 5 ml. of cross-cireulated blood exerts 
no demonstrable effect on the adrenal of the Recipient, whereas an 
additional 5 ml. produces a marked effect. 

By this method, a linear relationship has been found between the 
logarithm of the volume of blood transferred from the intact rat and the fall 
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inadrenal ascorbic acid of the hypophysectomized animal (Mig. 1). Exam 
ination of this linear correlation indicates that under the conditions of these 
experiments the Recipient does not begin to respond until more than 5 but 
less than 10 ml. of normal Donor’s blood have been transfused; in othes 
words, the method is insensitive to that amount of ACTH which is 
normally present in 5 mil. of the blood of normal cannulated Donors. 

In experiments utihzing the cross-cireulation technique, one ot the 
variables which must) be 
evaluated is the duration of the cross- 
circulation. This factor is important in 
determining whether the percentage 
change in the adrenal ascorbic acid of 
the hypophysectomized Reetprent is in 
response to the total amount of 
ACTH presented to the adrenal or 
whether the gland is responding to 
the duration of the increased concen 
tration of ACTH in the blood. If the 

40 


latter is true, then the time of cross etek ed 


106 Mi CMOSS CIMCUL ATES 


Cer ase ADQEN A, 


~ 


factor in these experiments. Table effect of volume of blood cross circulated 


indicates that as the volume of blood frem normal Donors percentage 
change adrenal ascorbs oo 


cross-transfused increased, the hypophysectomized Reeiprentsss 


duration of the cross-cireulation ts 
mereased concomitantly. Therefore, the mereased response of the adrena! 
could conceivably be due to the prolonged duration of transfer of a piven 
quantity of ACTH, which would thereby expose the adrenal to an inereased 
concentration of the hormone for a longer period of time 

However, if the 24 experiments (see Table 1) in which a blood volume of 
20 ml. was transferred are subdivided according to the length of time neces 


sary to cross-circulate this volume into the Recipient (i.e., same amount ot 


ACTH), then a change in the adrenal response will become evident af the 


duration of cross circulation is a factor. Table 2 shows that the variations im 
the time necessary to transfer a given quantity of ACTH exert no appreci 
able effect on the adrenal response. Therefore, it would appear that under 
the conditions of these eross-circulation experiments, the adrenals responded 
to the quantity of ACTH released rather than to the duration of their 
exposure to changes in the concentration of AC PEE im the blood 

The specificity of the adrenal ascorbic acid depletion test: for estimation 


of ACTH in blood by means of cross circulation was determined in another 
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series of experiments. Hypophysectomized Donors and Recipients were 
prepared in the usual manner and blood volumes ranging from 20 ml. to 
40 ml. were transfused from one animal to another. At the appropriate time 
after termination of the eross-circulation, the second adrenal was removed 
from cach and the ascorbic acid value compared with that of the respective 
control adrenal removed prior to cross-transfusion. The results indicated 
that no adrenal ascorbic acid depletion occurred in response to the cross 
transfusion of blood from two hypophysectomized animals. Therefore, it is 


Taste 2. oF DURATION OF CRross-CIRCULATION ON ADRENAL ASCORBIC 
Acip Responsk iN Hyvox. Rats. (20 Mi. Broop X-crre.) 


Duration of 
X-cire.* % Change in adrenal ascorbic 
min. actd of hypox. + SE. 


10-20 
21-30 - 16.9 + 3.63 > 65 
31-above 19.8 +— 2.58 


apparent that the cross-cireulation procedure itself does not contribute to 
the adrenal ascorbic acid response. The presence of a pituitary factor, 
undoubtedly ACTH, ts essential and specific for the adrenal ascorbic acid 
depletion under the conditions of these experiments, 


DISCUSSION 


Many attempts have been made to measure ACTH in blood. In general, 
two types of extraction procedures have been utilized: those employing the 
acetone plasma precipitation and those utilizing oxyeellulose column 
elution of ACTH from plasma. The levels of ACTED activity reported by 
those workers using the oxycellulose technique’ are generally lower than 
those claimed by other workers using the acid-acetone procedure.’ "" Gray 
and Parrott” have investigated the recovery by acid-acetone of ACTH added 
to plasma; almost complete recovery was obtained. However, they were 
unable to prepare consistently active extracts from: whole blood by this 
method, nor were they able to quantitatively recover ACTH that was added 
to whole blood. In addition, although Parrott,” using the acid-acetone 
method, was able to demonstrate quantitative recovery of added ACTH, she 


was unable to obtain positive regression between doses of extract. 


In the investigation reported here, an excellent dose-response relationship 


has been demonstrated under standardized conditions by the cross 
circulation of known amounts of blood between normal and hypophysec 
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tomized rats, using the change im adrenal ascorbic acid of the latter as the 
measure of the response, In these expermnents of blood exerted no 
effect on the adrenal of the Recipient hypophysectomized partner, while 
10 mil. gave sigmiticant response. “This is im agreement with the results 
obtained by J. Richards (unpublished results, cited by Sydnor and 
Sayers), who found that 4-6 ml. of blood obtamed from: the abdomunal 
aorta of intact rats failed to deplete the adrenal ascorbic acid of hype 
physectomized rats? 

It should be pomted out that itis in no way assumed that the blood levels 
of ACTH estimated in normal animals under the conditions of the crass 
circulation techmique are the same as those present im normal unoperated 
animals. [tas evident that the operative procedure of cannulation involves 
a “stress” which will merease the blood ACTH level. This level has been 
designated “basal” under the experimental conditions employed. However, 
this “basal” seeretion is quite constant, and alterations in the rate of secre 
non of ACTH above and below this value may be demonstrated upon 
appheation of various experimental procedures. These will be reported im 
another publication, 


SUMMARY 


The blood content of AC THE has been estimated by means of erass 
circulation techmaue. normal rat is umted with a hypophysectomized 
animal, the amount of ACTH) in the blood of the mtact rat can be estimated 
by the change produced in the adrenal ascorbic acid of the hypophiysec 
tomized partner, One adrenal is removed from the hypophyseetomized 
Recipient before the cross-cirenlation and the second gland is removed after 
a known quantity of blood has been cross-cireulated. By this method, a 
linear relationship has been found between the logarithm of the volume of 
blood transferred trom the intaet rat and the fallin adrenal ascorbie acid of 
the hypophysectonnzed animal. The ACTH present im TO ml of blood of 
a normal animal can be detected by this method 
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NU SIGMA NU LECTURE 
March 7, 1956 


MECHANISMS OF PULMONARY By Mark Do Altsehule, Harvard 
Medical School, Boston, Massachusetts 


Many discrepancies between the lett ventricular hypothesis of 
pulmonary edema and climeal observations sugyest that this mechanism ts 
not the entire explanation of this commen chmeal syndrome. Tor instance, 
pulmonary edemaois Jess frequent im the aortic stenosis than aeorty 
insufficiency, vet the strain on the lett ventricle is as great in the former 
Again, the prolonged left ventricular stram of chrome hypertension rarely 
produces edema in contrast to its common occurrence im sudden hyper 
tension, In the left-sided theory the rise pulmonary capillary 
pressure determines edema formation. In mutral stenosis, however, pul 
monary capillary pressures of OO mm. Ty probably exist, vet im its uneom 
pheated form this climeal entity remains comparatively free from: pulmonary 
edema. 

An alternative explanation of the experimental and climeal observations 
takes into account the cumulative effects of many mechanisms. These may 
conveniently be divided into those which increase the amount of transudate, 
those which inhibit the reabsorption of the fhind, and those which tend to 
increase the total body water. Decreased plasma protem levels, inereased 
pulmonary blood flow and raised capillary pressure certainly imerease 
transudation. Epinephrine injection in animals can cause pulmonary edemia ; 
exponents of the left ventricular failure theory offer this as inferential evi 
dence that hypertension in man may cause enough left-sided strain to pro 
duce edema. The isolation of abundant histamine from animal and human 
lung tissue provides a more logical relationship. Epimephrine is known to 
release histamine, and, experimentally, histamine can be shown to cause 
venous constriction and, perhaps, increased capillary permeability. Both of 
these latter may contribute to edema formation in man. 

Pulmonary edema secondary to hypothalamic lesions im cats and 
following skull fractures in man may indicate central nervous and reflex 
mechanisms. The laboratory observation that) sudden carotid) sinus 
tension produces pulmonary venoconstriction provides a good explanation 
for the increased incidence of pulmonary edema in aortic insufficiency and 
acute hypertension. In chrome hypertension and aortic stenosis this dis 
tension is neither sq sudden nor so great. Bronchospasm, in an unexplamed 
manner, also contributes to transudate formation. 


The experiments of Drinker indicate the highly important role of 
pulmonary lymphatics in reabsorption of pulmonary ‘transudates. General 
cardiac decompensation manifest by increased systemic venous pressure 
may contribute to edema formation as much by decreasing lymphatic flow 
and thereby decreasing transudate reabsorption as by increasing pulmonary 
capillary pressure. The accumulation of excess body water, as in anemia, 
nephrosis, or beri-ber, also contributes to edema formation, 
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These and other mechanisms may be involved; no one factor is enough 
but the combined effects of many probably tp the balance in favor of pul 
monary edema. Fortunately, treatment of this condition differs little no 
matter which explanation one adopts. Acceptance of this multifactorial 
reasoning does, however, mulitate for the use of digitalis only in those cases 
of pulmonary edema in which heart failure plays a signifieant role. 


YALE MEDICAL SOCIETY 


March 12, 1956 


STUDI IN CIRCULATION WITH AN ARTIFICIAL 
Hrarr Avparatus. By Bert Kusserow, Research Fellow in 
Pathology, Yale University School of Medicine. 


The heart and dungs may be temporarily exeluded from: the e:reulation, 
either totally or partially, by the substitution of an apparatus which consists 
of a pumping: component and an oxyyenating component. Blood as wath 
drawn from the subjeet’s venous system, delivered to the oxvgenator, and 
returned to the arterial system by a balanced output double perfusion pump. 
The latter is a single diaphragm, double chambered pumping umt which 
functions simultaneously as withdrawal and return pumps whose outputs 
are identical, This characteristic prevents any imbalance in the subject's 
blood volume during perfusion. The pump valves operate on the principle of 
modified stopeocks. 

Oxyyenation and carbon dioxide removal are effected by the myection of 
tiny oxygen bubbles directly mto the blood as it courses through the oxy 
genating component, The bubbles are produced by passing oxygen through 
a microporous poreelam filter, fexcess oxygen and carbon dioxide are 
removed from the blood by the action of a constant delivery, slowly spinning 
centrifuge, 


The apparatus has substituted for the respiratory, or cardiorespiratory, 
function of sixteen dogs for periods up to forty-three minutes. Nine of the 
last thirteen dogs have been permanent survivers, 


B. K. O. KUSSEROW 


CHROMOSOMAL BY CYTOLOGICAL “TECHNIQUES. 
sy Walter Herrmann, Department of Obstetrics and Gynecology, Yale 
University School of Medieine. 


Chromosomal sex may be determined from cheek serapings. A discoid 
intranuclear chromatin mass adjacent to the nuclear membrane appears in 
O4 per cent of the cells of men and 10-32 per cent of the cells of women. 
Inoone patient with adrenal hyperplasia and two with gonadal dysgenesis, 
anatomical sex was shown to differ from: chromosomal sex 
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PHYSIOLOGY SEMINAR 


March 12, 1956 


PHYSIOLOGICAL CHANGES IN THE CIRCULATION AT Birt. By Geoffrey 
S. Dawes, Director of the Nuftheld Institute for Medical Research, Oxtord, 
england, 


The fetal circulation of sheep, obtained by cesarean section, has been 
studied for the purposes of elucidating the factors regulating blood flow 
through the placenta, the changes in blood tlow through the lungs at birth, 
the closure of the duetus arteriosus, and the relationship of oxygen 
consumption to the partial pressure of oxygen im the blood. 

The autononue nervous system rather than the placenta appears to be 
responsible for controlling the placentad blood flow. Full-term prepnaney im 
sheep lasts 147 days. Between the 9Oth and 100th day, the autonome 
nervous system begins to funetion. At this time, but not before, the fetus 
responds to anoxia by an inerease in the blood pressure; this, im turn, 
increases the blood flow through the umbiheal vessels. The response to 
anoxia inereases progressively as the fetus approaches birth. These relation 
Ships are species specific and are not applicable to the rabbit: certaim 
other species in which the autonome nervous system is poorly developed 
before birth. 

During the fetal period, only ten per cent of the ventricular output is 
pumped through the lungs. At birth the pulmonary blood flow mereases ten 
to twenty-fold. The mechanism responsible for this change is primarily 
mechanieal, rather than nervous or humoral. Perfusion experiments on 
isolated fetal lungs indicate that distention of the lungs with a pas is of 
“paramount mportance.” While the density of the yas may produce vari 
ations in the pulmonary resistance and blood flaw, this appears to be a 
minor factor. 

Two mechanisms have been elucidated for the constriction of the ductus 
arteriosus, “The criteria employed for ductus closure in the experiments te 
he discussed include the disappearance of the characteristic presystoli 
murmur, clectrocardiographic reversion to normal pattern, and actual 
reduction in the external diameter of the ductus arteriosus. [none group of 
experiments, closure of the ductts 1s obtamed by raising the oxyyven satura 
nonin the carotid arteries from that normally present (7207 8067 ) to about 
In another series of experiments, closure is obtained by subjecting: the 
fetus toa short period of asphyxia. This procedure is attamed by an merease 
In blood pressure which is mediated by the autonome system Cas discussed 
above). The blood pressure effect is apparently of sigmifteanee iiasniuch as 
the svinpathetic amines also produce constriction of the ductus arteriosus 
Itais of interest that while the role of an imereased blood oxygen saturation 
may be difficult tee explain in duetus closure, the role of asphysia may be 
related to the period during which the umbiheal cord 1s separated from: the 
placenta at birth 

In the fetal sheep, a reduction in the oxygen saturation of blood 4s 
attended by a corresponding reduction in oxygen consumption. While 
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studies in human balies and an puppies show a similar relationship, it has 
been known in the past that the adults of these species do not demonstrate 
any relationship between oxygen consumption and blood oxygen saturation 
level. ‘The significance of this phenomenon ts, as yet, a matter of conjecture ; 
itis of particular interest in relation to the very low values of oxygen 
saturation normally present im the human fetus, 


STANLEY HARRIS 


ALPHA OMEGA ALPHA ANNUAL LECTURE 
March 13, 1956 


AN EXPRRIMENTAL ANALYSIS OF THE DEFENSE OF THE Host in ACUTE 
PACTERIAL PNEUMONIA. By Barry Wood, Johns Hopkins University, 
daltimore, Maryland. 


Aspects of the problem of host defense in pneumococeus infection melude : 
histopathology of Jesion, inflanunatory response, operation of cellular 
defense, lines of cellular defense, and relationship ot cellular defense to 
curative action of pemeillin. 

The lesion can be divided into several zones, The outermost is the edema 
zone in which bacteria multiply rapidly. Central to this are the zones of 
early and late consolidation in which the alveoli: are filled with leukocytes, 
and the zone ob resolution with macrophages predominating and cocer i 
resting metabolic stage, 

Using transparent: chambers inserted into the ears of rabbits, the 
development of the mflummatory response can be observed, The phagocytes 
adhere to the capillary walls, first to the side nearer the inflammation, later 
to the entire wall of the vessel, The leukocytes then leave the vessel by 
diapedesis and accumulate at the site of infection. 

Phagocyiosts is lethal to pneumococer, the bacteria surviving only fifteen 
to thirty minutes within the leukocyte. At one time it was thought that 
phagocytosis occurred only im the presence of host antibodies when the 
capsule of the pneumococeus became coated with gamma globulin. It has 
now been shown, however, both im vitro and in vivo that some phagocytosis 
occurs in the absence of antibodies, In such cases, the leukocyte traps the 
bacteria between itself and another surtace. Surfaces which may be used 
mm this way melude the wall of the alveolus, neighboring phagocytes, and 
fibrin networks found im the exudate, 

In prenmococeus mfections, bacterta may invade the lymph nodes and 
blood) stream. Phagocytosis in the absence of antibodies occurs im these 
systems as well as in the lung. 

Pemeilin is bactericidal only when the cocer are in an active metabolic 
phase. Therefore, pemeillin is effective in the edema zone, but imettective 
in the center of the lesion. 


Problems for future research involve the mechanism of phagocytic 
adherence to capillary walls, beheved to be related to fibrinogen accumula 
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and the nature of the antiephagoeytie action of the pneuniococeus 
capsule, 


LISA STEINER 


GASTROINTESTINAL STUDY 


Marcel lis, 1956 


MoperN of By Chester M. Jones, Clinical Protessor 
of Medieme, Massachusetts General Hospital, Harvard Medical School, 
Boston, 


Tropical and non tropical sprue present similar clinical pretures and are 
very probably the same disease. ‘The frequent occurrence ot a tohe acid or 
Vitamin correctable macrocytic, hypochronue anemia a the former, as 
Opposed ta ats less Trequent, more retractory counterpart the latter does 
Hot Constitute suthicient evidence for considermyp these as separate entities. 

Although no histologic pathology is demonstrable, the basic lesion am this 
disease is thought to be at the cellular level and causes a decreased absorp 
tion of fat, carbohydrate, protemm and vitamins by the small bowel. ‘The 
resulting sprue syndrome consists climeally of frequent large bowel 
movements, Weight loss, distension, stomatitis and cutaneous pigmentation, 
Laboratory evaluation trequently reveals fatty stools, decreased serum: cal 
cum and prothrombin tune, and a tlat oral glucose tolerance curve. 
swallow studies characteristically show pudding and dilated loops the 
small bawel. 

Cortisone markedly improves absorption trom: the small bowel a the 
sprue syndrome. A large number ot patients treated wath steroids have 
shown complete reversal of the disease*process, though long term results 
are notas yet available. Some patients have shown iaprovement ona gluten 
diet, 


ANESTHESIOLOGY SEMINAR 


March 26, 1956 


AND ADRENAL FUNction, By Leroy Vandam, Depart 
ment of Anesthesiology, Harvard Medical School, Boston, Massachusetts 


During: chethyl ether anesthesia in both man and dog, serum levels of 
I7-liydroxyeorticoids merease and continue to do so for several days after 
operation, “The merease is due to the anesthesia, the continumy: rise 
to surgical trauma. The serum levels reflect not only enhanced secretion 
but decreased destruction and/or excretion of the steroids: this was shown 
by observing mereased levels of serum 17-hydroxycorticoids during: anes 
thesia and surgery on adrenalectomized dogs maimtamed on adrenal cortical 
extract. During anesthesia and surgery under hypothernne conditions, the 
increase ino serum is munimal, but the levels merease 
markedly as normal body temperature is reached and continue high for 
several days. 
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In the intact dog ether anesthesia increases cardiac output, but after 
sympathectomy and adrenalectomy, cardiac output and arterial pressure 
fall while nyht auricular pressure rises. Thus, ether anesthesia appears to 
stimulate the secretion of epmephrine and norepinephrine, 

The fear and starvation that precede surgery also stimulate the secretion 
of epmephrine and norepinephrine, But these emotions do not appear to 
stimulate the adrenal cortex, for patients who are prepared for surgery brit 
not operated upon show no imerease im 17-hydroxyeorticoids. 


YALE. MEDICAL SOCIETY 
April 9, 1956 


‘Aryrican Hyrorrrerrarism. By Harold Sheehan, Professor of Pathol 
ogy, Liverpool Umiversity, Liverpool, lngland. 


A carefully selected series of 106 cases of postpartum: pituitary necros 


studied clineally and pathologically, was the basis of a study comparing: the 
extent of the hypophyseal lesion wath the clinical course. Patients were 
grouped on the basis of the percentage of the pituitary tissue lost. It wa 
ascertained that adjacent hypothalmic and neurohypophyseal regions were 
Intact and no aberrant pituitary tissue was present. The chimeal elassiticn 
hon was based on three sahent features. The first related to the persistence 
of funetion of a particular target organ. The second group showed unustial 
defigency of a target organ. In the third group there was a complex pieture 
of hormonal interdependence which produced symptomatology related to 
marked atrophy of one target organ, but which responded to replacement 
therapy wath hormone of another target organ, Where possible, studies of 
target organ function and histology were carried out 

Certam women after a typreal episode of postpartum pituitary necrosi 
maintamed ovarian funetion as evidenced by occasional uterine bleeding, 
typical menstruation, or subsequent pregnaney. The ovaries lacked Graatian 
follicles but the primordial ova remamed, No correlation was found between 
the extent of pituitary damage and continued ovarian funetion. The per 
sistence of target organ funetion as perhaps produced by a manimal produ 
tion of tropic hormone which as stored and periodically released) Alterna 
tively, at has been postulated that the persistent functioning of a target 
organ may be related to a preponderance of cells producing: its tropie hor 
mone in the pituitary tissue. Phas as unsupported by histological 
evidence 

extreme target organ atrophy was studied the thyroid and adrenals 
Severe thyroprivic and adrenal imsufficieney states were noted these 
cases, Ayan there was no correlation between the extent of damage to the 
pituitary and target organ funetion. Phese instances may represent people 
who normally had little reserve moa particular target organ so that removal 
of the tropre hormone led to severe failure of function with concommutant 
atrophy. Phe pieture is compheated by cases which showed no functioning 
target organ tissue on climeal testing but tailed to develop severe symptoms 
referrable to that organ. 
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Most confusing were those cases where symptomatology was primarily 
related to one target organ but responded to therapy with the hormone of 
another, as im secondary myxedema controfled by cortisone. “These cases 
sharply lustrate the lack of information concerning the intricacies of the 
hormonal interrelationships of the pituitary target organs, 


ROBERI NEUOWIERG 


ANATOMY SEMINAR 
April 17, 1956 


Tit Pink of THE CORNEA. By Marie A. Jakus, The Retina 
Foundation, Boston, Massachusetts. 


An electron mucroscopie study of the cornea has disclosed a complex 
fine structure 

The most superficial layer of the corneal stratified epithelium: consists of 
a pavement of squamous cells which interdipitate with one another by means 
of stubby cytoplasmic processes, ike fasteners ima zipper. Comparative 
looseness of the “zippering” in this layer suypyests that the cells are rathet 
readily desquamated. for fine the cytoplasm of the 
squamous cells is not remarkable. In the embryonie chick cornea, however, 


the uneifferentiated cytoplasm of these cells is filled wath granular endo 


reticulum, now ientihed with the erpastoplasm of misc 


The nnclens of the adult squamous cell appears as a lobulated, overd aggre 
vation of electron opaque pranntos, bounded by a double membrane ‘The 
long axis of the delear profile is roughly parallel to the plane of the 
squamous cell, Deep to the squamous pavement os the mtermediate laver of 
cells. The larger cytoplasmic processes of these cells probably ettect a 
tighter than oceurs in the squamous layer. The naclens of the 


mntermediate cell resembles that of the squame. The stratified 
is completed by a basal layer of tightly “zippered” round cells contamang 
lobulated, spheroid nucle, 

A thin band of moderate clectron-opacity, seen beneath the basal cells, 
represents the basement membrane of the epithelia. Qeeastonally this 
membrane displays a finely fibritlar or lamellar architecture, On the surface 
of the membrane subiacent tothe basal epithelial laver, a regular granulation 
or pseudo striation is visible 

Bowman's membrane, an essential 


Vo homogeneous band am the 
revealed in the electron Cope as a feltwork of randomly 
onented filaments In favorable preparations the filaments show a periods 
IV approximating that of the collagen fibers in the corneal stroma. The 
appearance of periodicity in these filaments frequently obscured, perhaps 
by absorbed substances of appropriate electron opacity, prestumably con 
taining mucopolysacchande The filaments measure about PRO 190 in 
diameter in the electron micrographs, some 40 50° A narrower than the 
stromal collagen tibers 
Jeneath the membrane of Bowman hes the corneal stroma composed of 


lamellae of collagen fibers. The fibers within any lamella are parallel to the 
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plane of the corneal surface and to each other; thus, each fibrots lamella 
may be said to have one axis of orientation to which its constituent: fibers 
are essentially parallel, Since in alternate lameliae these axes of orientation 
are perpendicular to each other, a eriss-cross pattern occurs among the 
lamella. The diameters of the mtralamellar collagen fibers are characteristic 
for species (man 230 A; rat 270-275 A; mouse 3700375 A). Scattered 
among the fibers, and oceasronally adherent to them, is a fine, tllamentous 
component, thought to contain elastin or mucopolysaccharide, 

Descemet’s membrane comprises an unusual arrangement of collagen, 
Indeed, before the preparation of tangential sections of the membrane a 
satisfactory interpretation of its fine structure from: transverse sections was 
wanting, Descemet’s membrane consists of a pile of Iidimensional grids of 
collagen laid parallel to the plane of the corneal surface. Each Didimensional 
grids amosare of repeating hexagonal umits. The corners of each hexagonal 
unit are marked by dense nodes connected by internodal fibers which, there 
fore, deseribe the perimeter of the hexagon, In the center of each hexagon is 
a single node, connected by radial fibers to the six peripheral nodes at the 
corners of the hexagon. The grids formed by the repetition of the hexagonal 
unit are piled so that the corresponding nodes and internodal fibers of all 
layers are ain register. (From this description one may envision 
the original problemi interpretation from transverse seetions and its 
Clarification by the examunation of tangential sections. ) 

The deepest stratum of the cornea, a single layer of “zippered” endo 
thelial cells, provides a comparatively wall for a tissue of 
Intricate mternal architecture, 

ALLAN Hf. MILOFSKY 
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Acutk Hypertension oN THE PurmMonary Vascutar OF THE 
Dog: A Prystorogiear Stepy. By Downing, Fourth vear Student, 
Yale University School of Medicine 


Although a rather extensive literature on the subject of pressoreceptors 
on the pulmonary vaseular bed has evolved, there is a rather wide diver 
gence of opinion regarding the nature of the reflex response resulting from 
induced pulmonary hypertension 

In yeneral, the present approach to the problem as to perfuse the lett 
Jung of the intact dog with normal saline at body temperature under vari 
able pressures and rates of flow and to measure simultaneously the perfusion 
pressure and rate of flow, the systemie pressure, the pulse rate, the main 
pulmonary arterial pressure, and the respiratory rate and depth, 


An apparatus was constructed by means of which the perfusion pressure 
and rate of flow could be regulated and recorded 


In order that the expermments might be performed on the intact animal, 
It Was necessary to construct various cannulae so that the manipulations 
could be performed on ammals with intact chests. Consequently, into each 
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anital anoinfusion cannula was placed in the left pulmonary artery, a guide 


cannula sutured to the maim pulmonary artery through whieh an LP. 


needle could be passed tor the purpose of measuring the main pulmonary 
arterial pressure, and two specially designed snares tor the pulmonary 
veins, one for the upper and muddle lobe ves and one tor the lower lobe 
veins, by means of which the venous return of the Jett Jung could be 
occluded or opened at will from: the exterior of the animal 

Two groups of animals were prepared surgieadly, acute and) 

Veratridine was used to demonstrate the presence Ob intact nerve 
pathways from the pulmonary vascular bed which might have been damaged 
at the time of surgical preparation, 

The results of this study demonstrated that the response of the mitret doy 
to acute hypertension in the peripheral pulmonary vaseular bed camsists ot 
three components: a drop am systemme pressure, (iy bradveardia, and 
CHL a change in the re pattern, All of the COMpOnents thea 
onset simultaneously about six or seven second 


after beyinming the per 
fusion. None of the components were observed ta oceur following: pst 


lateral Vayotomy The fact that) the response not occur when the 
pulmonary vein snares are open, but does readily with the snares closed 
would sugevest that the majority of the receptors are 


located the 
side of the pulmonary ciretit 
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A Stepy of Some Aspeers of Farry oN NAN 
Robert MeDivitt, fourth year student, Yale University School of Medieime 


Five normal humans without evidence of metabohe disease were piven 
200 of acetate each, and blood samples were drawn at 
intervals up to 96 hours. The plasma lipids were separated inte tri 
ylvcerides, cholesterol esters, and phospholipids wath a modified form of 
hillerup and Mead’s method of sshere acid chromatography. Following this, 
an aliquot from each fraction was saponitied and the amount of radio 
activity in-each fatty acid) sample determined, using: diquid) semtillation 
counter. Further aliquots of fatty acids from each triglyceride, phosphe 
and cholesterol ester fraction were chromatographed on hy tlow 
esupercel reverse phase columms to effect separation of individual fatty acids. 

It was found that incorporation of radioactivity was much greater and more 
rapid in the trighveeride fatty acid fraction than an either the phospholipid 
or the cholesterol ester fatty acid fractions, peak specie activity of this 
fraction occurring: Within two hours after admunistration of the acetate. Phe 
maximum specific activity of the phospholipid fatty acid fraction occurred 
at 12 hours, while that of the cholesterol ester fatty acid: fraction occurred 
between 24-48 hours. It was further observed that the greatest concentra 
tion of stearic and other saturated fatty acids occurred the triglyceride 
fraction, while the unsaturated fatty acids were found in greatest concentra 
tion in the cholesterol ester fraction. Possible correlation between fatty acid 
composivion of these compounds and difference in rates of incorporation of 
radioactivity from: acetate was discussed 


ROBERT MCDIVITS 


BOOK REVIEWS 


INTEGRATED GYNECOLOGY, PRINCIPLES AND Practice. By TC. Rubin 
and Josef; Novak. New York, McGraw-Hill Book Company, Inc., 1956. 
Vol. 1, 589 pp. Vol. I, 496 Pv: Vole TIT, 682 pp- $60.00. 


These three handsome volumes, written the European tradition, 
represent a commendable and ambitious undertaking, original in that con- 
siderable effort is made to integrate gynecology with the broader aspects 
of medicine, 


Volume | commences with chapters on the anatomy and evolution of the 
female pelvic organs with considerably more extensive accounts than are 
found in most texts. The chapters on physiology, ineluding endocrinology, 
and on gynecological diagnostic procedures are also* very comprehensive. 
The section on tubal insufflation and hysterosalpingography is, needless to 
say, authoritative. It seems a little surprising that a book published in 1956 
should still see merit in the Richardson pregnaney or sex differentiation 
tests. There follow sections on congenital anomahes and a listing of mechan- 
eal and chenncal injuries (some of which are only distantly related to the 
female reproductive system). Lengthy descriptions of various displacements 
of the pelvic viscera precede a chapter on infections. 


Volume T] classifies thle various tumors of the female sex organs with 
very complete pathological descriptions and illustrations. The nierophoto- 
praphs are of vanable quality, but on the whole demonstrate the patho- 
logical processes satisfactorily. The volume also covers constitutional 
disorders and problems of reproduction, including a competent section on 
sterility 


Volume TT commences with a chapter on the relationship between repro- 
ductive and other body systems. Unfortunately, the effort is made to list, 
rather than sort, the important from the unimportant. For example, a full 
page is devoted to the role of the nose in dysmenorrhea and labor pains, but 
one sentence covers German measles in relation to pregnancy and two cover 
the role of oxygen in retrolental fibroplasia. There is no discussion of the 
pre-and post-operative care of the diabetic, or mention of the relationship 
of diabetes to endometrial carcinoma. The breast and urimary tract are 
reyarded as an mtimate part of gynecology and are covered rather exten 
sively, Pelvie bowel lesions are, in comparison, shyhted. The chapter on 
yynecological symptomatology ais a little redundant with terms such as 
“proopolymenorrhea,” “algomenorrhea,” “oligo opsomenorrhea,” “fluor,” 
and others. There is a good collection of operative ilustrations i the chap 
ter on operative gynecology. However, there is unwarranted support given 
to subtotal hysterectomy; the Witzel enterostomy is) recommended for 
intestinal distention or for peritonitis; and the impheation that lymph node 
dissection is not always necessary inthe Werther operation is supported 
by the surprising statement that “it became clear that lymph nodes can 
destroy cancer cells.” “The chapter on physiotherapy is adequate in its 
coverage of Domine: tubes, Grenz rays, pressure and suction therapy, and 
spas, but there 1s no real discussion of modern radium and x-ray dosimetry, 
supravoltage therapy, radioactive gold, cobalt, or other isotopes. 
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BOOK REVIEWS 


The three-volume set is designed for students and general practitioners, 
To be a suitable textbook, it might have to undergo considerable editing. [ts 
cost and length, (1,767 pages, including some 231 pages of bibhography ) 
seemin part to be the result of a literary verbosity. It seems unnecessary to 
point out, even to the medical student, that women are less prone to bald 
ness than men and do not ordinarily grow beards (Vol Lp. 163: Vol Tf, 
p. 350; Vol TIE, p. 37), or to illustrate the fat and the thin, 
Although there is much to be said for the historical approach, too much 
space is taken up with accounts of methods and ideas which are now aban 
doned. There are also quite a number of statements of fact, such as that 
Stem-Leventhal ovaries are congenital or that radiation of the spleen as 
useful in uterine hemorrhage, which are, at best, open to question 

The orgamizational plan of the three volumes is good, in spite of some 
repetition im the test. The references, especially to the German literature 
during the earher part of this century, are very extensive. Rather than a 
text, itis a useful reference work and it represents a significant addition to 
the gynecological hterature 


JOUN MCLEAN MORRI 


Tortry AND Witson's PRINCIPLES OF BACTERIOLOGY AND 
4th ed, revised by GoS. Wilson and Miles. Baltimore, The Williams 


and Wilkins Co, 1955. 2,332, xlvin pp. S$24.50-—the set of 2 volumes 


Since it first appeared in 1929, °Topley and Wilson” has been constantly 
atthe side of very professor of medical bacteriology who was preparing: a 
letture and of many a bacteriologist dom actual work. [ts authorative and 
comprehensive coverage and readable style have long set it apart from even 
the best of other texts in its fields. At intervals, revisions have been made 
to keep pace with the active progress of medical research 

In this, the first revision since 1LO4G, the surviving author has again had 
the collaboration of Dr. Al AL Miles, Direetor of the Laster 


London. Their philosophy may be expressed by quoting: from: the preface 
to this edition 


although the book was originally intended for the peneral student of 
medieme and biology, ats character has gradually changed, til now this 
claim can no longer be justified. The great expansion of know ledge duriny 
the last twenty tive vears has forced us to deall more and more with the 
bacteriology of infection inoman and animals, and to treat this at ineres 
ingly greater length much of interest to the non medical bacterioloeist 
has had to be omitted and a mass of detail has had to be ineluded so as te 
render parts of the text frankly unsuited for the undergraduate medical 
student. We hope at will prove of correspondingly greater value to the post 
yradnuate student of human and veterinary medicine, to the teacher of 
bacteriology and immunity and to the research worker.” 
Although the text is some 277 pages longer than that of the third edition. 
the new matter added ais even more extensive. This appears to lave heen 
achieved, in part, by summarizing less important material formerly treated 
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at length and, in part, by judicious pruning of the fine leisurely sentences 
composed at a time when type costs were not so high, A detailed compari- 
son of several representative chapters with those of the third edition 
arouses admiration for the skill--and even devotion—with which this 
revision has been made. There is not a sentence of added material which ts 
not in good context, or which has the aroma of the scissors and paste-pot 
school of revision. Many of the sections, especially those dealing with 
metabolism, phage, and chemotherapy have been completely rewritten, as 
the newer research provided a fresh approach to the presentation. As might 
be expected, the more settled areas, such as descriptions of organisms, 
have merely been brought up to date. 

Inevitably in a work of this magnitude minor faults can be found. The 
space devoted to the general properties of viruses still seems inadequate, im 
comparison with that devoted to some less important topics. The discussion 
on photometric assay methodology has been shortened (to the point of 
omitting the semor author's own work!) although laboratory applications 
are ever increasing. The discussion on probit assay (p. 1133) would deserve 
more extended treatment-—or at least a modern reference, such as to 
Kinney’s book—and the graph (Mig. 242) illustrating it is imaccurate if 
employing a dinear ordinate, The references—there are often several hun- 
dred per chapter—-are a most valuable feature of the book. They stress, 
rightly, early contributions and original sources. Nevertheless, the reader 
might well appreciate knowing of certain recent monographs, symposia, and 
review articles which provide useful second-level introductions to. special 
topics. Examples of this are Waksman’s monograph on actinomycetes, van 
Heyningen’s on toxins, and the recent New York Academy of Sciences 
Symposium on hyaluronic acid systems. 

Nevertheless, we are deeply grateful to the authors for this fine revision of 
a classic. It represents a substantial addition to what we have had available. 


HENRY 


ANDROGENS: BIOCHEMISTRY, PHYSIOLOGY AND CLINICAL SIGNIFICANCE, 
ty Ralph PE. Dorfman and Reginald A. Shipley. New York, John Wiley and 
Sons, 1956. xvii, 590 pp. $13.50. 


This exhaustive discussion of androgenic steroids and their metabolic 
relatives is divided into the biochemistry (with considerable discussion of 
intermediate steroid metabolism), the physiology, and the clinical appliea- 
tions of these basic disciplines. The discussion of biochemistry, which occu- 
pies 140 pages, presents a very complete discussion of the steroid chemistry, 
intermediary metabolism, and present knowledge of the sources and path- 
ways. by which the various steroids ultimately arrive in the urine. This 
discussion assumes no initial knowledge on the part of the reader and takes 
him stepwise from the most elementary to the most advanced concepts. 
A similar exhaustive attack is made on the physiological and clinical depart 
ments of the book. Although some small quibbles might be raised) with 
regard to the particular assay methods discussed in the methodological 
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appendix, over-all this volume deserves nothing but praise. [tis an absolute 
“must” for anyone who enters this complicated tield. Moreover, the organ 
ization of the book is such that the casual reader seeking an isolated bit of 
information will be as well served as he who sits and studies it intensively. 
The book is dighly recommended to anyone whose interests imelude an 
understanding of the biochemistry, physiology, or chmieal aspects of the 
androgenic steroids, 


PITILiP K. BONDY 


jONE: AN INTRODUCTION To THE PitysioLoGy or SKELETAL Tisst) 
By Pranklin ©.’ McLean and Marshall Ro Urist. Chicago, University of 
Chicago Press, 1955. xu, 182 pp. $6.00, 


The authors have produced a well-organized review of skeletal tissue. It 
Is taken up in a dogieal sequence beginning with bone as a tissue 
through the Iistogenesis, chenneal composition, process of calerfication and 
absorption, and the effects of enzymes and hormones on bone. Following 
this there is a chapter on mineral metabolism, a chapter on radio ietopes, 
and a discussion of post-fetal osteovenesis. Finally, in the light of the basi 
discussions listed previously, the problems related to the healing of fractures 
and the pathological physiology of bone are discussed. “Vhis book can be 
recommended as fulfilling its title, “Bone —An Introduction to the Physi 
ology of Skeletal Tissue” very adequately. Tt is recommended to anyone 
interested in the subject, 

CHARLES BECHITOL 


ALcouoLisM Psycnorocy Cure. By Frederick B. Rea. New 
York, The Philosophical Labrary, Inc., 1956. 143 pp $3.50, 


This book may enlighten those readers who have been unaware of the 
seriousness Of alcoholism as a public health problem, or who have censured 
alcoholism as wallful and self-induced immorality, or who have reparded 
alcoholism solely as a physiological disease, and those who have been 
unaware of the successes of the Alcoholics Anonymous movement 

After rejecting the concept of alcoholism: as a physiological ainess, Mr 
Rea presents evidence that aleohol addiction also cannot be understood 
solely as a psychological ilness. He proposes that aleohohes really are sin 
ners who cannot resist their sinning unless they experience a spiritual and 
moral conversion to sobriety such as is possible through affiliation with 
Alcoholics Anonymous. His main argument seems to be that psychothera 
pists are less successful in treating alcoholies than are members of Alcohols 
Anonymous 

Mr. Rea errs in excluding disorders of personality and character from 
the category of psychological He also errs in excluding the recovery 
of alcoholics via Aleoholies Anonymous from the category of successful 
psychotherapeutic experience, Psychotherapy occurs whenever a person or 
group tries to treat sick people through the influence of their relationship. 
The psychotherapy may not be exphet or formahzed, and the therapists 
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may not conceptualize themselves as such, nor be qualified by training, 
experience, or accreditation. Nonetheless, if the relationship therapy- 
oriented, involves sustained personal interaction and permits corrective 
emotional experiences, the situation is a psychotherapeutic one. This would 
apply to the aleoholic interacting with Alcohohies Anonymous members as 
well as it would to the analysand interacting with his psychoanalyst. 

Alcoholics Anonymous has not cured alcoholics primarily because of 
spiritual or moral conversion, or because “only an alcoholic can help an 
alcoholic.” Rather, itis that its members are willing and able to provide the 
intimate individual and group psychotherapeutic relationships needed to 
effect recovery in many of their fellow sufferers. This activity in itself sus- 
tains and facilitates their own recovery. Despite its lack of a rational frame 
of reference, Alcoholics Anonymous has contributed successfully the 
pressing social need for psychotherapists for aleohol addicts. 


LOUIS B. FIERMAN 


essays iN Samuel Graff, New York, John Wiley 
and Sons, 1956. x, 345 pp. $6.50. 


This is a Festschrift honoring Hans Thacher Clarke on his retirement 
from Columbia University. Each of the 25 essays, written by different 
authors (or pairs of authors), differs as much in style and manner of pre 
sentation as it does in subject matter, Some of the articles are informal, 
almost conversational, more nearly like nonexhaustive reviews; others are 
like the conventional experimental reports. The high level of scholarship 
maintained throughout more than justifies the unusual amount of freedom 
given the authors. All essays are authoritative, lucid, and highly provoca- 
tive, often sparkling with fresh speculations. Work published only last year 
and some yet unpublished is included in many of the discussions and gives 
the book a quality of immediacy. 

The essays average 14 pages in length, varying from 15 to 21 pages, and 
appear alphabetically in order of the authors’ names. All but one contains 
references to the literature, and the volume has an index. There is some- 
thing to interest almost everyone, The contents, with the authors’ names in 
parentheses, follow: metabolic products of basidiomycetes  (Anchel) ; 
heterogeneity of (Bendich) ; biosynthesis of branched-chain) com- 
pounds (Block), of peptide bonds (Fruton), of porphyrins (Shemin), of 
aromatic compounds (Sprinson); lysogeny (Borek); development of a 
plasma volume expander (the Bovarnicks) ; conjugated proteins (Char- 
gaff); thymine (Cohen), lipide (Gurin), and inositol (Magasamk ) 
metabolism; steroid hormones (lngel) bacterial viruses cancer 
(Graff) ; tetrazoles (Herbst) asymmetric reactions (Hirschmann); mtro- 
yen (Hoberman) and glycogen (the Stettens) turnover; ferritin (Mazur); 
nitrogen transfer (Ratner); mechanism of enzyme action (Rittenberg ) ; 
protein structure (Stem); veratrum alkamines (Wintersteiner) ; trans 
forming phenomenon (Zamenhof ). 
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PoLIoMyELIis. Papers and Discussions Presented at the Third Inter- 
national Poliomyelitis Conterence. Philadelphia, J. 1B. Lippincott Co., 1955. 
XXIV, 567 pp. 


This volume contains the twenty-six papers and the discussions which 
followed them as well as the twenty exhibits presented at the Third Inter 
national Pohhomyelitis Conterence im Rome im 1954. Phe tleld was covered 
under the headings: Socal Aspects, Acute Medical Care, Iitection and 
Developments Culture, Orthopedies, Physical Medi 
cme and Rehabilitation, and, finally, Trends in Pohomyelitis. Current con 
cepts of these subjects were presented by eminent authorities from) various 
parts of the world, the result is a timely and useful book for all interested 
pollomyelitis, trom: whatever pomt of view. 

The sessions on clinical problems contam excellent: papers on the diay 
Hosts and treatment of the acute discase. Outstanding is the paper by 
Hodes, Treatment of Respiratory Ditheulty in Poliomyelitis,” a clear and 
concise analysis of this most compleated subject in tertas of newer concepts 
of respiratory physiology. excellent discussions on orthopedic problems and 
rehabilitation torm another valuable section, exceptionally well illustrated. 

Advances in the virology and immunology of poliomyelitis have occurred 
with extraordinary rapidity since the mitroduction of tissue culture tech 
miques Dr. John benders reviewed the recent developments im tissue 
culture and their appheation in relation to studies on the epidemiology and 


pathogenesis ol poliomyelitis were discussed ina number ot papers. Papers 
by Salk and Sabin presented ditferent approaches to the problem: ot active 
Dr. Salk reviewed lis experience with formalinized vaccine, 
and Dr. Sabin presented the case for attenuated live virus vaccines, ‘Phe 
theoretical considerations behind both approaches received thorough and 
Interesting EXposition. 


Much of the material presented in this book has appeared elsewhere, but 
itis Valuable to have it brought topether as a summary of polomyelitis as a 
world problem in what will probably soon be classitied as the pre vaccination 
cra in the history of the disease. 


DOROTHY M. HORSTMANN 


MAtOID ARTHRITIS AND Psortasis Vencaris. By Tibor Benedek 
Ann Arbor, edward Brothers, 1955. 308 pp 


More than moderate attention has been piven to the reading of this book 
and to the wording of its review. Dr. Benedek supphes the etiology OP 
endoparasiticus Benedek ) and treatment (specific vaceme) of two diseases 
which have been and stl are under active study. The author repards psori 
asis Vulgaris as one of the external or cutaneous manifestations while rhe 
matoid arthritis is the mternal alleryie response to this organism. 
yators in these fields are yet trying to pain a foothold. [tas probably quite 
accurate to say that most believe that sensitization of tissues is involved in 
both ilnesses. The combination of psoriasis and arthritis is well recognized 
but all rheumatologists 


are not prepared to call this inflammation of joints, 
rhewmatoid arthritis 
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The situation thus makes an adequate appraisal of the book difficult: since 
much depends on a general confirmation of the author's results. amin no 
position now to support or refute lis findings and | know of no one who ts. 

Inan @fort to get on more firm ground, consideration was given to the 
other aspects of the book while the matter of etiology was kept open. It 
was felt that Dr. Benedek night have an advantage in being able to sort 
much of the accumulated data on psoriasis and arthritis in a manner that 
has not been available under existing circumstances. We, like most others, 
must use these stu@ies for selection and revaluation of approach and can 
disregard little with any finality. The assumption of etiology is not helpful 
im this respect, probably because the prevailing view of etiology though hazy 
isnotunhike that of the author. In other words, much remams unclear, and 
apparent imconsistencies must still be discarded as extraneous rather than 
explained 

The book by its nature is not detailed enough for the clinician, and the list 
of references has not the broadness of scope whieh a student with an investi 
yative interest will need. “The maternal is presented clearly and with empha 
sis by repetition. There are good illustrations. This monograph may be of 
interest to those who are more actively concerned with etiology and therapy. 
Panuharity with both the climeal aspeets of these ilnesses and the back 
yround literature places them in a position to decide whether the work of 
Dr. Benedek is convincing enough for confirmation or whether it serves to 
suppest some change in their own approach 

This Chime will include. Dr. Benedek’s studies on the grounds that it is 
amustake to disregard what may be the obvious. There are only two ways 
of establishing the merit of his work, and of these the simpler and more 
direct is repetition. ‘Time is needed to place a value on this book. 


PAUL BOISVERT 


EXPERIMENTAL Bacillus and Host) (Ciba Foundation 
Symposim). Go Wo. Woltstenholme, Mo Po Cameron, and M. 
(Connor, Eds. London, J. and Al Churchill; Boston, Little, Brown and 
1955. x11, 396 pp 


This is a critical period for the research worker in tuberculosis. Great 
Huprovements m chemotherapy, surgery, and public health measures have 
resulted in a rapid decline in the death rate and the closing of some sana 
tormim facilities. What, then, could be more natural than for the uniformed 
to assume thatemost of the problems in this field have been solved, and that 
investivators should turn their attention to other more pressing medical 
questions. “Phe fallacy of such reasommy os ilustrated beautifully by this 
compact volume in which the reader learns on the one hand of the imeom 
pleteness of our knowledge the complexities of the fundamental 
mechanisms involved in tuberculosis and, on the other hand, of the imroads 
that are currently bemg made ino the understanding of many of these 


mechanisms, Et becomes obvious that the recent successes of chemotherapy 
have not only facihtated clineal management of the patient, but have also 
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given a renewed impetus to research into the basic microbiological and 
pathogenetic processes. 

The book presents the proceedings of a symposium oon The tubercle 
bacdus and the reactions of the host tissues” held London in October 
1954, and sponsored by the Ciba Foundation for the Promotion of Inter 
national Cooperation Medical and Chemical Research. were 
yathered a good many of the import research workers in tuberculosis and 
leprosy “quietly occupied with apparently recondite problems relating to 
the fundamental nature of the bacillus, and of the host reactions to at.” te 
use the words of the chairman, Dro Arnold Rich. Ineluded in the topics 
discussed were chemistry of the tubercle bacillus, tissue reactions to the 
and to its components, problems related to hypersensitivity, 
ity, and serology, the appheation of tissue culture methods, factors imveolved 
in the pathogemeity of the tubercle bacillus, the imfluence of sterord hor 
mones, and others. tn addition, there is an addendum) on experimental 
leprosy in Which many of the common problems mi these two diseases are 
presented, 

Fach of the papers, of which there are 26, presents a wealth of material 
summarizing the authors own work in the field and usually discussing: the 
results of others as well) deven more valuable, however, is the lengthy, 
uninhibited discussion follawing each paper which serves to wmplity and 
clarify the expermental details as well as to bring to the fore many 
conflicting opimiens among the experts, 

The entire volume as well edited and should make interesting: ane 
reading for research workers tuberculosis and leprosy. Por 
medical people concerned with the two diseases and far experimentalists in 
related fields, it wall certamly provide insight ante a good deal of the 
research, aside trom: chemotherapy, under active iivestigation today an 
this field. 

EMANUEL WOLENSKY 


PREVENTIVE in “Wortp War Vor. Personas 
Mraseres AND IMMUNIZATION. Washington, Offiee of the 
Surgeon General, 1955. xiv, 304 pp. 


In World War Tl, the Medical Department of the United States Arms 
developed and managed personal hygiene, sanitation, mental mute 
tion, disease and injury prevention on a seale never previously necessary m 
United States military efforts. Consequently, the problems iberent im sich 
an undertaking were numerous, and this book. which focuses on personal 
health measures, presents an objective analysis of these developments “Un 
the third volume of the trilogy of preventive medicme Sperienees 
World War ID; the two previous reports were concerned with epideniologs 
and environmental sanitation 

The chapters, presented by highly quahtied analysts. are concerned with 
the nuhtary aspects of manpower selection, personal hyyiene, clothing, 


nutrition, malnutrition and deticreney diseases, preventive povehiatry, aces 


dental trauma, and the Army immunization program. Reappraisal of polies 
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concerning cach of these aspects was imperative throughout the progress of 
World War If and the mechanisms of dispersing current information 
regarding personal health measures were effective only insofar as they 
became highly individualized, 

The nulitary experiences in provision of adequate clothing and in main- 
taining optimum nutritional status, based on careful physiological observa- 
tion, are especially well discussed, Preventive psychiatry based on statistical 
epidemiology appears to be feasible in view of the military psychiatric 
experience, Accidental trauma was conclusively proved to be one of the 
major mass health problems and this recognition is of fundamental import 
ance as military umits become iereasingly mechanized. The Army immun 
vation program is thoroughly discussed here, and its success is a tribute to 
the many professional, technical, and administrative workers without whose 
co-operation such a selective program would not have been accomplished. 

This book wall be an extremely useful reference text for any future 
consideration of fundamental problems related to mass population groups 


JAMES NIEDERMAN 


By G. Clarke and Touts Ro M. Del Guercio. New York, 
Toronto, London, The Blakiston Division, MeGraw- Hill Book Company, 
Ine., 1956. ix, 245 pp. $6.50. 


This excellent hittle volume proclaims itself to be “a short text and 
reference on the essentials of urology, presenting this science as an area 
within the study of general biology and medicine, rather than as a specialty.” 
Consisting of TS chapters, this work is divided into three main areas, The 
Diagnosis of Genito Urinary Disorders, Physiologie Disturbances, and 
Principles of Treatment. Amply dlustrated, and with a fine collection of 
rays accompanied by the patients’ histories, it reads easily. The bibhogra 
phy is pertinent and up to date 

This book is highly recommended to students who have need of a brief, 
definitive text during their short tenure on the urology wards, and to more 
advanced workers in the fied who might profit by a proper view of this 
specialty as but a small segment of medicine as a whole 


1956 Meprear Procress. A Revirew or Merpican ADVANCES DURING 
1955. Morris Fishbein, lkikd. New York, McGraw-Hill Book Co., Ine., 1956 
389 pp 


In the preface itis that this volume “as desiyned to review. the 
progress made im medicine during the preeeding year.” The book consists of 
an introductory section written by the editor and twenty sections by con 
tributors. These sections correspond roughly to the various medical and 
surgical Sub spec ralties, About one half of the book is devoted to medical 
subjects, slightly less than one third to surgery, and the remainder to pss 
chiatry, laboratory, and physical medicine and rehabihtation. Wath one 
exception, the sections this reviewer is particularly qualified to evaluate are 
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accurate, and probably as readable as this type of book ean be. Adequate 
bibhographies are provided, except as indicated below. The book 1s not 
large, and considering the immensity of the subject it would be unrealistic 
to expect a very comprehensive analysis. One contributor observed that 
“we are forced to range widely and pause but briefly at any one particular 
point.” 

The editor, in a glowing introductory chapter, indicates meorrectly that 
sulfadiazine as as effective as peneatlin in the treatment of streptococeal 
Infections to prevent rheumatic-fever, [tis to be hoped that readers of this 
section wall also read the section on rheumatic diseases where they wall 
find the correct information. No other errors as important as this were 
detected. This introductory chapter is a condensation of the book itself, and 
the facts are so that it adds nothing of value. 

In the section on laboratory procedures ten rapidly advanemy fields of 
clinical chemistry and immunology are discussed. A large amount of space 
is used in detailed desenptions of procedures. This space might better have 
been used tor additional discussion of principles since the volume wall not 
serve as a reference on laboratory methods. The Iibliography provided im 
this section is madequate. The sections on new drags and neuropsychiatry 
provide no references at all 


The chief value of this book to a practitioner would presumably be im 


bndging the gap between the standard reference texts and the present 


time. The information provided would often be lacking in suffierent: detail 
to be useful ia specific situation. The references provided are especially 
important for this reason, and uniform style disting: the titles would 
facilitate their use. Perhaps the most important feature of this volume os 
that it meludes a bibhography of more than twelve hundred selected tithes 


GEORGE Jo 
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General Biology. By Harrington Wells and Patrick Hl. Wells. New York, 
McGraw-Hill Book Company, Ine., 1956, vii, 520 pp. $6.50. 


A Textbook of General Physiology. By Philip H. Mitchell, New York, 
McGraw-Hill Book Company, Ine., 1956. vit, 885 pp. $10.50. 


Principles of embryology. By C. HH. Waddington. New York, The Mac- 
millan Company, 1956. x, 510 pp. $7.50. 


Recent: Developments in Cell) Physiology. By J. A. Kitching, Ed. New 
York, Academic Press, Inc., 1954. x, 206 pp. $6.50. 


Fundamentals of Radiobiology. By Z. M. Bacq and Peter Alexander. New 
York, Academic Press, Inc., 1955. xii, 387 pp. $6.50. 


Antilnotism and Immunity Medicine of To-morrow. B 


daltumore, Wilhams & Wilkins Co., 1954. 72 pp. $2. 


Alexander Komis 


7 


Antibodies and lanbryos. By W. Rogers Brambell, Wo A. Hemmings 
and M. Henderson. New York, John de Graff, Inc., 1954. 103 pp. $2.25. 


Connective Tissues. Transactions of the Fifth Conference, February 8, 9, 
and 10, 1954. Charles Ragan, Ed. New Jersey, Josiah Macy, Jr. Founda 
tion, 1954, 222 pp. $4.25. 


Tissue Culture Technique in Pharmacology. Roy Waldo Miner, Edo Annals 
of the New York Academy of Sciences. Vol. 58, Art. 7, Pages 971-1326. 
New York, 1955. $4.50. 


Perspectives and Horizons in) Microbiology. Selman A. \Waksman, Ed. 
New Brunswick, N. J., Rutgers University Press, 1955. x, 220 pp. $3.50. 

The Chemistry of Lipids of Biochemical Significance. By J. AJ Lovern. 
New York, John Wiley & Sons, 1955. xin, 132 pp. $1.75. 

The Truth About Cancer. By Charles S. Cameron, New Jersey, Prentice 
Hall, Ine., 1956. xix, 268 pp. $4.95. 

The Technique and Significance of Oestrogen Determinations. P. Eckstein 
and S. Zuckerman, leds. New York, Cambridge University Press, 1955, 
96 pp. 


New Lives for Old. By Margaret Mead. New York, William Morrow 
Co., Inc., 1956. xx1, 548% pp. $6.75. 


Cells and Societies. By J. T. Bonner. New Jersey, Princeton University 


Press, 1955. 234 pp. $4.50 


Police Drugs. By Jean Rolin. New York, Philosophical Library, Inc., 1956 
viii, 194 pp. $4.75. 


: 
: 
| 
a 
i 
» 
AS 
676 
4 
4 
“a 
1 


THE INDEX 


TO THIS VOLUME HAS BEEN REMOVED 


FROM THIS POSITION AND PLACED AT 


THE BEGINNING OF THE FILM FOR THE 


CONVENIENCE OF READERS. 
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Principles of Kanbryology. By C. H. Waddington. New York, The Mac- 
mullan Company, 1956. x, 510 pp. $7.50. 


Recent Developments in Cell Physiology. By J. A. Kitching, Ed. New 
York, Academic Press, Inc., 1954. x, 206 pp. $6.50. 


Fundamentals of Radiobiology. By Z. M. Bacq and Peter Alexander. New 
York, Academic Press, Inc., 1955. xii, 387 pp. $6.50. 


Antibiotism and Immunity Medicine of To-morrow. | y Alexander Komis. 
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Antibodies and Embryos. By W. BF. Rogers Brambell, Wo A. Hemmings 
and M. Henderson. New York, John de Graff, Inc., 1954. 103 pp. $2.25. 
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tion, 1954. 222 pp. $4.25. 


Tissue Culture Technique in Pharmacology. Roy Waldo Miner, fd. Annals 
of the New York Academy of Sciences. Vol. 58, Art. 7, Pages 971-1326. 
New York, 1955. $4.50. 


Perspectives and Horizons Microbiology. Selman A. \Waksman, 
New Brunswick, N. J., Rutgers University Press, 1955. x, 220 pp. $3.50. 


The Chemistry of Lipids of Biochemical Significance. By J. Al Lovern 
New York, John Wiley & Sons, 1955. xin, 132 pp. $1.75, 

The Truth About Cancer. By Charles S. Cameron, New Jersey, Prentice 
Hall, Ine., 1956. xix, 268 pp. $4.95, 


The Techmque and Significance of Oestrogen Determinations, P. Eekstein 
and S. Zuckerman, Inds. New York, Cambridge University Press, 1955, 
96 pp. 


New Lives for Old. By Margaret Mead. New York, Wilham Morrow & 
Co., Inc., 1956, xxi, 548 pp. $6.75. 


Cells and Societies. By J. To Bonner. New Jersey, Princeton University 
Press, 1955..254 Pp- $4.50. 


Police Drugs. By Jean Rolin. New York, Philosophical Library, Ine., 1956 
vill, 194 Pp- $4.75. 
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Throughout the world. 
use millions cases 


and reports by thousands 
physicians have built 
confidence 


TERRAMYCIN 


well-tolerated, 
rapidly effective — 
broad-spectrum 
antibiotic of choice 


Capsules, tablets, 
taste-tempting: liquid 
forms and special 
preparations for, 
parenteral, topical 
and ophthalmic use, 


/ Chas, Pheer & Co, Brooklyn 6, NOY 


School for Ph.D.’s of serence scheduled to visit) Kala- 


mazoo to take part in the seminar 


series Include: Dr. Rachmiel Levine, 
For most people, earning a deyree Michael Reese Hospital, Chicago; 
means the end of formal education Dr. Harris Isbell, National Publie 
At Upjohn, the reverse is trae. Com- Health School, Lexington, Kentueky ; 
pany management, realizing that Byron Soule, University of 
people must continually be exposed Michigan; Dr. Don Nelson, Harvard 
to advancements in the sciences if University Medical Dr. 
the common research effért is to be Burn, Oxford University, Enyland; 
productive, has instituted a research- and Dr. Joseph Earle Moore, Johns 
medical seminar program designed Hopkins School of Medicine 
to heep technical staff members , 
Ina field as highly competitive as 
abreast of thinking and new devel- ; 
; pharmaceutical manufacturing, the 
Opments in then respective fields, 
position of a leading producer de- 
Seminars conducted by research and pends ino yreat measure upon the 


Upjoh 
pyonn medical personnel ave held regularly “know-how” of its research staff. It 


throughout the year. Authorities in Is for this reason that Upjohn con- 

living 
avarious research fields from all tindally makes possible for its 
deatgned for health parts of the world are guest speak- people to hear at first hand of the 


produced with care ers. During 1956, outstanding: men work of ther fellow investigators. 


